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PREFACE 


Biological  Effects  of  Nonionizing  Electromagnetic  Radiation 
is  a publication  researched  and  prepared  by  the  Franklin 
Institute  Research  Laboratories,  Science  Information  Services 
Department,  under  contract  with  the  U.S.  Navy  and  adminis- 
tered by  the  National  Telecommunications  and  Information 
Administration. 


This  digest  serves  as  a vehicle  through  which  current 
documentation  of  research  highlights  on  the  biological 
effects  and  health  Implications  of  nonionizing  electro- 
magnetic radiation  (microwave  and  radiofrequency  radiation) 
are  compiled,  condensed,  and  disseminated  on  a regular 
basis.  Biological  Effects  of  Nonionizing  Electromagnetic 
Radiation  is  intended  to  be  a highly  useful  current  awareness 
tool  for  scientists  engaged  in  research  or  related  activities. 
The  great  number  and  diversity  of  relevant  publications 
make  imperative  the  availability  of  this  service  to  persons 
whose  work  requires  that  they  keep  abreast  of  current 
developments  in  the  field. 

Biological  Effects  of  Nonionizing  Electromagnetic  Radiation 
is  published  quarteriy.  The  issues  of  Volume  II,  and  future 
volumes,  will  include  materials  received  during  the  preceding 
three  months.  Each  issue  will  include  news  items  and 
announcements,  a listing  of  meetings  and  conferences, 
abstracts  of  current  literature,  and  a directory  of  current 
research.  Materials  for  which  full  text  is  not  available 
will  be  included  as  summary  abstracts. 
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BUAJiC 


ABBREVIATIONS  AND  ACRONYMS 


A,  amp  - ampere (s) 

A - angstrom(s) 

BRH  - Bureau  of  Radiological  Health 

C - centigrade 

cm  - centimeter (s) 

cps  - cycles  per  second 

dB  - decibel (s) 

ERA  - Environmental  Protection  Agency 
FDA  - Food  and  Drug  Administration 
g - gram(s) 

G ~ Gauss 
GHz  - gigahertz 

HEW  - Health,  Education,  and  Welfare 
hr  - hour 
Hz  - hertz 

IEEE  - Institute  of  Electronic  and 
Electrical  Engineers 
IMPI  - International  Microwave  Power 
I nstl tute 

lU  - international  unlt(s) 

J - joule(s) 
k - kl lo-- 
1 - liter(s) 
m - meter (s) 
m - ml  1 1 1 — 

M - mega — 

mho  - unit  of  measurement  of 
conductivl ty 
min  - mlnute(s) 
mo  - month (s) 


n - nano-- 

NBS  - National  Bureau  of  Standards 
NIH  - National  Institutes  of  Health 
NSF  - National  Science  Foundation 
NIOSH  - National  Institute  for 

Occupational  Safety  and  Health 
NTIS  - National  Technical  Information 
Service 
Oe  - oersted (s) 

OSHA  “ Occupational  Safety  and  Health 
Administration 

OTP  - Office  of  Telecommunications 
Policy 

PHS  - Public  Health  Service 
rad  - radiation  absorbed  dose 
R - roentgen (s) 
rpm  - revolutions  per  minute 
sec  - second (s) 

USAFSAM  - U.S.  Air  Force  School  of 
Aerospace  Medicine 

USDA  - U.S.  Department  of  Agriculture 
UV  - ultraviolet 
V - volt(s) 

VA  - Veterans  Administration 
W - watt(s) 

Wb  - Weber (s) 

WHO  - World  Health  Organization 
wk  - week(s) 
wt  - weight 
yr  - year{s) 


NEWS  ITEMS 


MICROWAVES  AFFECT  MONKEY  BEHAVIOR 

Scientists  at  BRH's  Division  of  Biological  Effects 
have  found  that  microwave  exposure  can  alter  monkey's 
behavior  acquisition,  memory,  alertness,  and  reward- 
ed performance.  They  also  found  that  monkeys 
treated  with  neuroactive  drugs  were  more  sensitive 
to  the  effects  of  microwave  radiation  than  were  un- 
drugged monkeys.  The  results  were  presented  in 
February,  1977  et  the  Bureau's  Symposium  on  Biolog- 
ical Effects  of  Radiofrequency/Hicrowaves  and  have 
been  published  in  the  symposium  proceedings.  The 
publication  is  available  from  the  Superintendent  of 
Documents, 

Bm  Bull  7(5) : 2-3;  1978 


BRH  APPROVES  MICROWAVE  OVEN  CORRECTIVE  ACTION  PLAN 

The  BRH  has  approved  a corrective  action  pian  sub- 
mitted by  Hobart  for  U,800  commercial  microwave 
ovens,  models  900  and  1250,  manufactured  prior  to 
August,  197*t.  The  ovens  were  found  In  noncompliance 
because  of  possible  microwave  leakage  exceeding  the 
limits  specified  in  the  microwave  oven  performance 
standard.  Hobart  service  personnel  will  readjust 
the  door  latch  mechanisms,  tighten  screws  as  needed, 
and  apply  "Locktlte"  to  the  screws  to  assure  per- 
manent tightness.  Each  oven  will  be  checked  for 
leakage  before  and  after  the  repair  is  made.  Owners 
will  be  notified  of  the  problem  through  a letter  to 
be  delivered  by  the  service  representative  at  the 
time  of  repair,  and  the  repairs  will  be  made  free 
of  charge. 

BBH  Bull  7(5) . A;  1978 


BRH  COMPLIANCE  CASE  LISTING  AVAILABLE 

A listing  of  recent  BRH  compliance  cases  involving 
electronic  products  found  defective  or  In  noncom- 
pllance  with  applicable  performance  standards  Is 
available  as  a supplement  to  the  BRH  Bulletin.  The 
supplement  updates  an  earlier  listing  published  in 
July,  1976  and  enumerates  most  of  the  defect  and 
noncompliance  cases  in  progress  as  well  as  cases 
initiated  and  completed  since  July,  1976. 

BRH  Bull  Suppl  7 pp;  March  1978 


ARBITRATOR  DECLARES  VIDEO  DISPLAY  TERMINALS  SAFE 

Video  display  terminals  (VDTs)  in  use  at  the  New 
folk  Time  "do  not  pose  any  ocular  radiant  energy 
hazard"  to  employees  assigned  to  work  on  them,  con- 
cluded arbitrator,  Maurice  C.  Benewitz,  in  a Feb- 
ruary 8,  1978  decision.  The  arbitration  resulted 
from  a grievance  filed  by  the  Newspaper  Guild  of 
New  York  alleging  that  the  health  and  safety  of 
employees  assigned  to  the  VDTs  might  be  endangered 


because  electromagnetic  radiation  emitted  by  the 
devices  presented  a hazard  of  cataract  formation. 
Benewitz  stated  that  "the  vast  majority  of  all 
employees  may  work  In  safety  upon  the  VDT  machines 
at  the  Time."  He  added,  "When  all  of  the  worst 
emission  settings  for  density,  brightness  and  key- 
board depressions  were  combined  (a  situation  which 
does  not  occur  with  frequency  it  might  be  expected) 
nevertheless,  the  medical  panel  would  not  find  in 
the  resulting  emission  levels  an  ocular  cataract 
hazard." 

Labor  S Personnel  Relations  Bull 

(6I496):  77-89;  1978 


PASSIVE  NONIONIZING  RADIATION  MONITOR  DEVELOPED 

Researchers  at  Iowa  State  Univ.  have  developed  a 
novel,  entirely  passive  device  to  monitor  nonioniz- 
ing radiation.  The  device  utilizes  the  temperature- 
dependent  light  scattering  properties  of  cholesteric 
liquid  crystals — the  substance  used  in  passive  dig- 
ital thermometers.  The  liquid  crystal,  painted  on 
plastic  disks.  Indicates  power  densities  as  low  as 
1 mU/cm^  without  batteries,  moving  parts,  circuits, 
or  meters.  The  developers  point  out  that  the  radi- 
ation monitor  can  be  inexpensively  produced  in 
large  quant  I ties. 

Miorowavee  16(8);  10,  12;  1977 


MOTORISTS  FIND  ELECTRIC  FIELDS  STIMULATING 

Exposure  to  electric  fields  Improves  driving  ability, 
according  to  a team  of  Munich  scientists.  Subjects 
were  placed  in  j simulated  vehicle  and  exposed  to 
an  artificial  atmospheric  long-wave  electric  field. 

It  was  found  that  unstable  persons  were  influenced 
positively  to  a greater  degree  than  stable  persons 
by  the  artificial  field.  The  investigators  spec- 
ulate that  the  employment  of  artificial  atmospheric 
electric  fields  could  have  a favorable  effect  on 
general  traffic  safety,  particularly  during  tiring 
long  distance  Journeys.  A great  deal  of  research 
Is  still  necessary  in  this  area.  Nevertheless, 
motorists  may  one  day  be  equipping  their  vehicles 
with  a type  of  long-wave  transmitter. 

Dteoh  Forsahungadienet  16(8);  3;  1977 


SCIENCE  COURT  TO  SETTLE  RADIATION  HAZARD  CONTROVERSY 

A raging  controversy  over  plans  to  build  a ii00-kV 
power  line  in  the  state  of  Minnesota  has  prompted 
the  state's  governor  to  accept  the  idea  of  convening 
a science  court  to  settle  the  radiation  hazard 
question.  The  line,  which  would  stretch  180  miles 
across  the  state,  has  evoked  violent  opposition 
from  farm  groups  that  believe  the  line  will  produce 
hazardous  quantities  of  electromagnetic  radiation. 
Various  state  bodies,  including  the  environmental 
quality  board  and  the  state  supreme  court,  have 
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approved  construct (on  of  th*  l(n«,  but  farmrrj  re- 
main unconvinced.  The  sc  lance  cour(,  funded  by 
the  Ford  foundation  and  the  NSF , would  have  no 
legal  standing  since  the  case  Is  legally  settled. 
Rather,  it  would  rely  on  the  prestige  of  Its  par- 
ticipants and  the  evenhandednoss  of  Its  proceedings 
to  obtain  public  approval  of  Its  findings.  The 
state  environmental  quality  board  may,  however,  re- 
open the  case  If  it  finds  that  a review  Is  w>trranted 
by  new  evidence. 

.Vac  .svisnitiut  77(26):  237-238;  1978 


MICROWAVE  RADIATION  STANDARD  MAY  Bl  INADEQUATE 

With  the  American  National  Standards  Institute's 
(ANSI)  advisory  microwave  exposure  standard  duo  for 
review  In  1979,  mounting  evidence  suggests  that  the 
to  mW/cm‘  limit  may  be  Inadequate,  In  one  recently 
completed  study  funded  by  the  ERA  and  performed  by 
the  Stanford  Research  Institute,  Menlo  Park,  Cali- 
fornia researchers  found  that  "of  the  offspring  of 
eight  monkeys  Irradiated  at  the  ANSI  standard  of 
permissible  radiation,  six  died  within  six  n>onths 
of  birth.  In  the  control  group  none  of  the  off- 
spring died." 

Stiu  thiitfiitiet  77(  1085):  b9;  1978 


MICROWAVE  TREATMENT  PRESERVES  MEAT 

Microwave  ovens  destroy  bacteria  on  fresh  meal  and 
poultry,  thereby  Increasing  the  foods'  shelf  life, 
according  to  Kansas  State  Univ.  food  scientist, 
Frank  Cunningham.  If  newly  purchased  meat  Is 
placed  In  a microwave  oven  for  10  sec.  Dr.  Cunning- 
ham says.  It  will  usually  keep  a day  or  two  longer 
In  the  refrigerator  than  It  would  have  otherwise. 
Dr.  Cunningham  found  that  a 10-  to  I5"sec  exposure 
to  microwaves  considerably  reduces  bacterial  counts 
In  fresh  moat.  Longer  treatments  are  not  rectxn- 
mandad  bacause  they  cause  moisture  loss  and  higher 
temperature  In  the  moat.  Dr.  Cunningham  and  some 
students  are  presently  studying  the  etfects  of  mi- 
crowave radiation  on  pure  cultures  of  cryophilic 
bacteria. 

(’lien  ffiv  56(10);  SO;  1978 


CDNORESS  TD  INVESTIGATE  MICROWAVE  RIOEFFECTS 

The  health  and  environment  subcommittee  of  the  House 
Committee  on  Interstate  and  Foreign  Commerce  plans 
an  extensive  probe  on  radiation  beginning  with  the 
health  affects  of  lonliing  radlalUxi.  The  panel, 
headed  by  Rep,  Paul  Rogers,  expects  to  finish  in 
fflid-sumner  with  an  examination  of  high  and  low 
laval  non-lonizing  radiation.  Due  for  a dose  of 
attention  are  microwave  ovens,  dental  and  medical 
equipment,  and  probably  radiation  hazards  at  the 


Defense  Department.  The  panel  will  have  tin*  benefit 
of  three  days  of  testimony  given  by  experts  last 
summer  before  the  Senate  subcoamil  t tee  on  commerce, 
sclencp,  and  transporlat Ion,  many  of  whom  will  be 
recalled.  Also  expected  to  participate,  according 
to  a subccxitnl  t lee  spokesman,  are  such  microwave 
critics  as  Paul  Brodeur  and  opht  ha  Inxilog  I st , Dr. 
Milton  Zaret,  who  links  low-level  microwave  radia- 
tion with  certain  forms  of  cataracts, 

17(2):  23;  1978 


DOCTORS  DISPUTE  THERAPEUTIC  VALUE  OF  MAGNETS 

Specialists  In  rheumatic  dise.ises  at  the  Medical 
Research  Council,  London.  England  w.irn  that  nsiqnetlc 
necklaces,  claimed  to  relieve  tlie  wearer  of  rheuma- 
tism and  other  ailments,  s(H>uld  be  treated  with  the 
same  suspicion  as  copper  bracelets.  The  devices, 
available  In  England,  are  sold  on  the  basis  that 
there  Is  a "magnetic  tield  deliciency  syndrome"  In 
the  human  besdy  that  needs  to  be  made  up,  and  that 
a strong  magnetic  effect  "enhances  the  bUxnl  circu- 
lation." The  manufacturer's  advertising  literature 
refers  to  "research  at  leading  Japanese  hospitals" 
as  establishing  "remarkable  results  on  the  effec- 
tiveness of  the  necklace."  However,  a doctor  spe- 
cializing In  rheumatic  diseases  at  the  Medical  Re- 
search Council  cautioned;  "There  are  no  theoretical 
grounds  to  suggest  that  magnetism  plays  any  part  In 
the  treatnient  of  rheumatic  disorders.  There  Is  no 
evidence  published  In  acknowledged  Western  medical 
journals  to  support  the  use  of  magnetism."  The 
doctor  added  that  rheumatic  pains  often  disappear 
spontaneously.  "If  a period  of  remissksn  coincides 
with  anything  out  of  the  ordinary,  be  It  wearing  a 
magnetic  necklace  or  a copper  bracelet  or  even 
standing  on  your  head.  It  Is  tempting  to  think  that 
you've  at  last  found  a cure,  wlien  In  fact  you've 
found  only  a coincidence." 

Sov  77(1091):  506:  1978 


RADAR  SYSTEM  SPARKS  DEBATE  OF 
MICROWAVE  EXPOSURE  STANDARD 

A team  of  U.S.  Air  Force  radiation  experts  met  In 
January  with  Cape  Lod  residents  concerned  about  the 
possible  radiation  hazards  posed  by  a defensive 
radar  system  under  ci'nstruct  Ion  at  Otis  Air  Force 
Base,  Massachusetts.  The  radar  systea\,  known  as 
PAVE  PAWS  (Precision  Acquisition  (sf  Vehicle  Entry, 
Phased  Array  Warning  System)  Is  designed  to  detect 
sea  launched  ballistic  missiles.  Lt.  Col.  Paul 
McEachern,  who  presented  the  case  for  the  Air  Force, 
assured  the  residents  that  "the  (Hswer  densities  will 
he  well  below  the  values  at  which  any  health  Impact 
will  occur.  The  predicted  radiation  levels  are 
ccmipletoly  safe."  McEachern  explained  that  "safe" 
was  based  on  the  federal  safety  standard  of  10 
mW/cm*.  Harvard  biologist,  Or,  George  Wald,  stated, 
however,  that  the  American  standard  Is  based  on  the 
level  at  which  heating  of  tissues  occurs  and  does 


2 


BtolotK*!  cttwi-a  of  Nonioniiing  lltcIrointtiitlK. 
Raduttan  tH4i.Jutio  19/8 


not  account  for  possible  nonthermogenl c health 
hazards.  Another  Harvard  scientist  stressed  the 
need  for  further  study  of  nonthermal  effects  asso- 
ciated with  low-level  microwave  exposure,  especially 
In  the  central  nervous  system.  She  observed  that 
the  exchange  of  Ions  In  neural  membranes  could  be 
disturbed  by  very  weak  electric  fields.  "We  are 
talking  about  minute  disturbances  In  coll  membranes 
which  could  very  well  be  cumulative." 

ATcu  A-nVhtrat  77(1088);  302;  1978 


NEWS  ITEMS 


ITEMS  FROM  THE  COMMERCE  BUSINESS  DAILY 


a RESEARCH  ON  THE  NATURE  OF  ELECTROMAGNETIC  I 

FIELD  INTERACTION  WITH  BIOLOGICAL  SYSTEM  FUNCTION 

The  Office  of  Naval  Research,  Arlington  VA  wi 1 1 

negotiate  with  Randomllne,  Inc,,  HuntingHcr  Vjlley,  ; 

PA  for  the  above  study.  (February  21,  1978)  i 


RADIATION  CONTROL  CONFERENCE 
EXPLORES  MICROWAVE  BIOEFFECTS 

The  Conference  of  State  Radiation  Control  Program 
Directors  held  Its  Tenth  Annual  National  Conference 
on  Radiation  Control  April  30  to  May  k,  1978  In 
Harrisburg,  Pennsylvania.  The  conference  was  spon- 
sored Jointly  by  the  BRH,  EPA's  Office  of  Radiation 
Programs,  and  the  Nuclear  Regulatory  Commission. 
Issues  facing  the  sponsoring  agencies  and  Che 
states  In  the  reduction  and  control  of  public  expo- 
sure to  unnecessary  radiation  were  explored.  Also 
discussed  were  the  current  status  of  microwave 
bloeffects  research,  findings  of  environmental  stud- 
ies, and  the  need  for  standards.  The  featured 
speaker,  Paul  Brodeur,  author  of  The  Z^ippifuy  of 
Amenja,  presented  a talk  entitled  "The  Unmet 
Challenge  in  Radiation  Control," 

BRH  Pull  12(4) : 3-4,  1978 
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U FABRICATION  OF  A MICROWAVE  APPLICATOR  TO 

DIAGNOSE  AND  TREAT  CANCER  USING  NONINVASIVE 
TECHNIQUES. 

The  National  Aeronautics  and  Space  Administration 
Industry  Assistance  Office,  Langley  Research  Center, 
Hampton,  VA  will  negotiate  with  Microwave  Associates, 
Inc.,  Burlington,  MA  for  the  above  study.  (March 
6,  1978) 


n FURTHER  RESEARCH  ON  MICROWAVE  EFFECTS. 

The  office  of  Naval  Research,  Arlington,  Virginia 
has  contracted  with  the  Board  of  Regents  of  the 
University  of  Washington,  Seattle,  Washington,  for 
the  above  study.  (April  3,  1978) 


MEETINGS  AND  CONFERENCES 


CONFERENCE  ON  PRECISION  ELECTROMAGNETIC  MEASUREMENTS 

Date:  June  26-29,  1978 

Plaoe:  Ot'awa.  Canada:  Government  Conf.  Cent. 
Sf^oneor:  Inst.  Electrical  ( Electronics  En- 
gineers--1 nstrumentat  ion  and  Measurement 
Group;  National  Bureau  Standards;  Interna- 
tional Union  of  Radio  Science — U.S.  National 
Commi ttee 

Hequeats  for  Infoimation:  K.  Charbonneau, 

Executive  Secretary,  C/0  National  Research 
Council  of  Canada,  Ottawa,  Canada 
KIA  0R6 


IEEE  MTT  S INTERNATIONAL  MICROWAVE  SYMPOSIUM 


Date:  June  27-29.  1978 

Ptaoe:  Ottawa,  Canada;  Chateau  Laurier  Hotel 
C^oneor:  Inst.  Electrical  S Electronics  En- 
gineers, (Microwave  Theory  S Technique) 
Bequeata  for  Infarction:  S.  J.  Kublna, 
Publicity  Chairman,  Electrical  Engineering 
Dept.,  Concordia  Univ.,  71*11  Sherbrooke  St. 

W. , Montreal , Canada  h4b  1R6 


197S  SYMPOSIUM  ON  ELECTROMAGNETIC  FIELDS  IN  BIOLOGICAL 
SYSTEMS 


Data:  June  27-30,  1978 

Plaoe:  Ottawa,  Canada;  Holiday  Inn  (Centre) 

Sponsor ; Microwave  Theory  & Techniques  Society, 
Inst.  Electrical  £ Electronic  Engineers,  Inter- 
national Microwave  Power  Inst,  with  the  coop- 
eration of  U.S.  Committee  for  URSI  and  Canad- 
ian Commission  A of  URSI 

Bequeata  for  Information:  M.  H.  Repacholi, 

Local  Arrangements  Chairman,  Dept.  National 
Health  & Welfare,  Environmental  Health  Centre, 

Room  233,  Tunney's  Pasture,  Ottawa,  Canada 
KIA  0L2 

Seleated  Bibliography  of  Papers  to  be  Presented: 

RAT  HYPOTHALAMIC  TEMPERATURES  DURING  WHOLE 
BODY  EXPOSURE  TO  2A50  MHz  AND  2800  MHz  MICRO- 
WAVES  AT  LOW  POWER  DENSITIES. 

G.  Brainard,  E.  Postow,  M.  DeSantis,  J.  Parker 

EFFECT  OF  2A50  MHz  MICROWAVE  IRRADIATION  ON 
PERMEABILITY  OF  THE  BLOOD-BRAIN  BARRIER  TO 
MANNITOL  IN  THE  RAT. 

E.  Preston,  E.  Vavasaur,  H.  Assenheim 

NEUROENDOCRINE  FUNCTION  IN  RHESUS  MONKEYS  EX- 
POSED TO  PULSED  MICROWAVE  RADIATION. 

W.  Lotz 

ACTIVITY-RELATED  ALTERATIONS  IN  GLUCOSE 
CONSUMPTION  AT  AUDITORY  NUCLEI  OF  THE  RAT 


DURING  EXPOSURE  TO  MICROWAVE  RADIATION: 
AUTORADIOGRAPHIC  EVIDENCE  USING  (“'Cl  2-DEOXY- 
D-GLUCOSE. 

B.  Wilson,  J.  Zook,  W.  Joines,  J.  Casseday 

EFFECTS  OF  RF  ENERGY  ON  THE  EEC  OF  RABBIT. 

S.  Takashima,  B.  Onaral,  H.  Schwan 

HISTOPATHOLOGICAL  CHANGES  IN  THE  RABBIT  LENS 
DURING  DEVELOPMENT  OF  MICROWAVE  CATARACT. 

R.  Carpenter 

THERMAL  CATARACT  FORMATION  IN  RABBITS. 

P.  Kramar,  C.  Harris,  A.  Guy 

MICROWAVE  IRRADIATION  OF  GUINEA  PIGS  AT  2.14$ 
GHz. 

E.  Ferri,  M.  Fotl 

INCIDENCE  OF  SISTER  CHROMATID  EXCHANGE  IN  BONE 
MARROW  CELLS  OF  THE  MOUSE  FOLLOWING  MICROWAVE 
EXPOSURE. 

D.  McRee,  G.  Livingston,  G.  MacNichols 

SURVIVAL  STUDIES  OF  MAMMALIAN  CELLS  EXPOSED 
TO  RADIOFREQUENCY  WAVES  AT  ELEVATED  TEMPER- 
ATURES. 

G.  Li,  I.  van  Kersen,  K.  White,  G.  Hahn, 

E.  Tanabe,  V.  Vaguine,  N.  Williams 

8.6  GHz  ELECTROMAGNETIC  RADIATION  EFFECT  ON 
ESCHEBICBIA  COLI  REPAIR  DEFICIENT  MUTANT  UNDER 
CONTROLLED  TEMPERATURE. 

S.  Dutta,  M.  Hossain 

EFFECTS  OF  2*450  MHz  MICROWAVES  ON  MOUSE  TES- 
TICULAR CYTOLOGY. 

A.  Cairnie,  K.  Harding,  H.  Assenheim,  K.  Leach 
L.  Prud'honme-Lalonde 

RADIOFREQUENCY  RADIATION  AND  ENZYME  KINETICS. 
R.  Albanese,  0.  Cohoon 

TECHNIQUES  FOR  PRODUCING  STANDARD  EM  FIELDS 
FROM  10  KHz  to  10  GHz  FOR  EVALUATING  RADIATION 
MONITORS. 

E.  Larsen 

A CELL  CULTURE  EXPOSURE  SYSTEM  FOR  IN-FIELD 
OPTICAL  OBSERVATION  OF  BIOLOGICAL  RESPONSE: 

L.  Pearson,  J.  Sisken,  J.  Linstrom 

A COMPACT  GAUSS  I AN- BEAM  LAUNCHER  FOR  MICROWAVE 
EXPOSURE  STUDIES  AT  2*lS0  MHz. 

P.  Neeklakantaswamy , K.  Gupta,  0.  Banerjee 

TEMPERATURE  CONTROLLED  CAVITY  APPLICATOR  FOR 
RADIOFREQUENCY  WAVE  IRRADIATION  OF  MAMMALIAN 
CELLS  IN  VITBO. 

E.  Tanabe,  V.  Vaguine,  N.  Williams,  C.  Li, 

G.  Hahn 

EVALUATION  OF  LYMPHOCYTE  FUNCTION  IN  MICE 
EXPOSED  REPEATEDLY  TO  2*450  MHz  (CW)  MICROWAVE 
RADIATION. 

R.  Smialowicz,  M.  Riddle,  P.  Brugnolotti, 

T.  Ward,  J.  Kinn 


5 


fRIClOUO  PAOB  BLAtK 


MEETINGS  AND  CONFERENCES 


Biological  E ttacn  of  Nonionuing  Electromagnetic 
Radiation  11(41,  June,  19 f 8 


ALTERATION  OF  IN  VIVO  LYMPHOCYTE  MIGRATION 
BY  WHOLE-BODY  MICROWAVE  HYPERTHERMIA. 

R.  Liburdy 

FETAL  RAT  DEVELOPMENT  IN  RESPONSE  TO  MICROWAVE 
RADIATION. 

M.  Chernovetz,  0.  Levinson,  D.  Justesen 

ADAPTATION  TO  MICROWAVE  EXPOSURE  AS  A FUNCTION 
OF  POWER  DENSITY  AND  AMBIENT  TEMPERATURES  IN 
THE  RAT. 

R.  Johnson,  S.  Mizumori,  R.  Lovely 

INDUCTION  OF  TERATOGENIC  EFFECTS  IN  RATS  BY 
27.12  MHz  RF  RADIATION. 

D.  Conover,  J.  Lary,  E.  Foley 

BEHAVIORAL  AND  PHYSIOLOGICAL  EFFECTS  OF  CHRONIC 
LOW  LEVEL  2L50  MHz  MICROWAVE  RADIATION  IN  RATS. 
J.  D'Andrea,  0.  Gandhi.  L.  Astle,  C.  Durney, 

J.  Lords,  C.  Johnson 

ALTERATION  OF  BEHAVIORAL  AND  BIOCHEMICAL  PARAM- 
ETERS DURING  AND  CONSEQUENT  TO  500  pW/cm^ 
CHRONIC  2<450  MHz  MICROWAVE  EXPOSURE. 

R.  Lovely,  R.  Johnson,  M.  Mathews 

FAILURE  OF  RATS  TO  ESCAPE  FROM  AN  INTENSE 
918-MHz  microwave  FIELD. 

D.  Carroll,  D.  Levinson,  R.  Clarke,  D.  Justesen 

SHUTTLEBOX  SIDE  PREFERENCE  AS  MEDIATED  BY 
PULSED  MICROWAVE  AND  CONVENTIONAL  AUDITORY 
CUES. 

D.  Hjeresen,  S.  Doctor,  R.  Sheldon 

DISRUPTION  OF  BEHAVIOR  IN  MAMMALS  OF  THREE 
DIFFERENT  SIZES  EXPOSED  TO  MICROWAVES:  EX- 
TRAPOLATION TO  LARGER  MAMMALS. 

J.  de  Lorge 

CONDITIONED  TASTE  AVERSION  IN  RATS  EXPOSED  TO 
2450  MHz  CW  MICROWAVES. 

W.  Will iams 

EFFECTS  OF  HIGH  INTENSITY  60-Hz  ELECTRIC 
FIELDS  ON  RATS. 

D.  Koltun,  J.  Seto,  D.  Weissfeld,  Y.  Seto 

EVOKED  POTENTIAL  STUDY  OF  RATS  CHRONICALLY 
EXPOSED  TO  60  Hz,  10  KV/m  ELECTRIC  FIELD. 

C.  Walker,  D.  Weissfeld,  D.  Koltun,  Y.  Seto 

EFFECTS  OF  60  Hz  ELECTRIC  FIELDS  ON  THE  BE- 
HAVIOR OF  RATS. 

D.  Hjeresen,  J.  Chandon,  R.  Phillips 

EFFECT  OF  HIGH  STRENGTH  60-Hz  ELECTRIC  FIELDS 
ON  GENERAL  AND  REPRODUCTIVE  ENDOCRINOLOGY  OF 
MALE  RATS. 

M.  Free,  L.  Smith,  R.  Jaffe,  W.  Kaune, 

R.  Phillips 

THE  EFFECTS  OF  CHRONIC  EXPOSURE  TO  A 60-Hz 
ELECTRIC  FIELD  ON  SYNAPTIC  TRANSMISSION  IN  THE 
MAMMALIAN  NERVOUS  SYSTEM. 

R.  Jaffe,  W.  Kaune,  R.  Phillips 


electromagnetic  mediated  HORMONAL  EFFECTS; 
THEORETICAL  CONSIDERATIONS  AND  EXPERIMENTATION 

S.  Hsieh,  D.  Weissfeld,  0.  Koltun,  J.  Lyman- 
g rover,  Y.  Seto 

MONITORING  OF  ARTERIAL  WALL  MOVEMENTS  BY  MI- 
CROWAVE DOPPLER  RADAR. 

S.  Stuchly,  M.  Goldberg,  A.  Thansandote 

USE  OF  MICROWAVE  POWER  IN  NEONATAL  CARDIAC 
SURGERY. 

C.  Johson,  C.  Durney,  0.  Wong,  D.  Westenskow 

LOCAL  MICROWAVE-INDUCED  HYPERTHERMIA  FOR 
CANCER  THERAPY. 

E.  Bowers,  J.  Walsh,  E.  Douple,  J.  Strohbehn, 
R.  Gibson 

HEATING  PATTERNS  OF  A NEW  MICROWAVE  HYPER- 
THERMIA APPLICATOR. 

T.  Sandhu,  R.  Johnson,  G.  Kantor,  H.  Kowal 

A NEW  915  MHz  DIRECT  CONTACT  APPLICATOR  WITH 
REDUCED  LEAKAGE. 

G.  Kantor,  D.  Witters 

THE  EFFECT  OF  LOCAL  TUMOR  HYPERTHERMIA  ON  THE 
GROWTH  OF  SOLID  TUMOR  IN  MICE. 

R . Mag i n 

RADIOFREQUENCY  (0.5  t 3.3,  MHz)  CURRENT  IN- 
DUCTION OF  LOCALIZED  HYPERTHERMIA  IN  TISSUES. 
SOME  EXAMPLES. 

T.  Cetas,  W.  Connor,  D.  Cooper,  R.  Miller, 

H.  Roth 

FINITE-ELEMENT  CALCULATIONS  OF  ELECTROMAGNETIC 
ABSORPTION  BY  BIOLOGICAL  BODIES. 

P.  Barber,  C.  Johnson,  C.  Yeh 

HEAD  RESONANCE;  NUMERICAL  SOLUTIONS  AND  EX- 
PERIMENTAL RESULTS. 

J.  Hagmann,  0.  Gandhi,  J.  D’Andrea,  J.  Chatter 
jee 

SURFACE  INTEGRAL  EQUATION  SOLUTIONS  FOR  FIELDS 
IN  BIOLOGICAL  BODIES  OF  REVOLUTION. 

Te-Kao  Wu 

THERMOGRAPHIC  COMPARISON  OF  TEMPERATURE  PROBES 
USED  IN  MICROWAVE  DOSIMETRY  STUDIES. 

R.  Olsen,  W.  Hamner 

TRANSMISSION  COEFFICIENT  OF  NEAR  ZONE  MICRO- 
WAVES  INTO  PLANAR  BIOLOGICAL  TISSUES;  HORI- 
ZONTAL DIPOLES. 

A.  Kama! , K.  Badwaihy  and  E.  Hashish 


TEMPERATURE  RISE  IN  TISSUE  SPHERES  INDUCED  BY 
MICROWAVE  RADIATION:  A GREENS  FUNCTION 
APPROACH. 

H.  Kritikos,  K.  Foster,  H.  Schwan 

IMPLICATIONS  OF  THE  RAOIOFREQUENCY  RADIATION 
DOSIMETRY  HANDBOOK  (SECOND  EDITION). 

S.  Allen,  C.  Durney,  C.  Johnson 
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NUHtRICAL  modeling  OF  THREE-DIMENSIONAL  ARBI- 
TRARILY-SHAPED HETEROGENEOUS  BIOLOGICAL  BODIES 
UNDER  COMPLEX  EXCITATIONS. 

J.  Wan^,  F.  Cain,  E.  Burdette 

NUMERICAL  CALCULATION  OF  MICROWAVE  ABSORPTION 
IN  ARBITRARY  GEOMETRY  WITH  APPLICATION  TO  A 
MODEL  OF  MAN. 

S.  Neuder,  R.  Kelloq 

THERMOGRAPHIC  ANALYSIS  OF  HUMAN  PHANTOM  MODELS 
EXPOSED  TO  EMISSION  FROM  A MICROWAVE  OVIN. 

R.  Prucha,  L.  Belden 

AN  L'aPIRICAL  formula  FOR  CALCULATING  THE  SAR 
OF  prolate  SPHEROIDAL  MODELS  OF  HUMANS  AND 
ANIMALS  IRRADIATED  BY  PLANEWAVES. 

C.  Durnoy.  M.  Iskander.  H.  MassoudI,  C.  Johnson 

approximate  analysis  of  planewave  irradiation 

OF  MAN  NEAR  A GROUND  PLANE. 

M.  Iskander,  C.  Durney,  H.  MassoudI,  C.  Johnson 


IMPI  MICROWAVE  POWER  SYMPOSIUM:  1B7B 


.■kjta;  June  28-30,  1978 

Flaov;  Ottawa,  Canada:  Chateau  Laurler  Hotel 
International  Microwave  Power 
Institute  (IMPI) 

.S'avjuaata  fcr  Inf:>mcttion:  W.  Wyslouzil.  Local 
Arrangements  Chairman,  Electrical  Engineering 
Oiv. , National  Research  Council  of  Canada, 
Ottawa,  Canada  K1A  0R8 


OPEN  SYMPOSIUM  ON  BIOLOGICAL  EFFECTS  OF  ELECTRO- 
MAGNETIC WAVES 


Ajfa.'  August  1-8,  1978 
Plaa*;  Helsinki,  Finland 

.'''{vna^'p:  International  Radiation  Protection 
Association  (IRPA)  and  Commissions  A S B 
.Sa.juaafa  /or  Infcrmatian:  S.  W.  Rosenthal, 
Polytechnic  Institute  of  New  York,  Farming- 
dale,  NY  II73S 


EIGHTH  EUROPEAN  MICROWAVE  CONFERENCE 

rkita;  Septemher  9-7,  1978 

Paris,  France;  Hotel  Merldlen 
^'naup;  Soclete  des  Electr  I dens  , des  Elec- 
tronlclens  et  Rod loelectrl c lens  (Groupement 
des  Industries  Electrigucs) 

Ya.}R»-afa  for  Infomition:  Professor  E.  Constant, 
Conference  Chairman,  Centre  Hyperf requences  et  Semi- 
conducteurs,  Universite  des  Sciences  et  Techniques, 
BP  36,  59650,  Vllleneuve  d'Ascq,  France 


AMERICAN  ACADEMY  OF  OCCUPATIONAL  MEDICINE  ThirMMidi 
Annuel  Meenne 

.'Uta:  September  20-22,  1978 
/’I’u.v;  Williamsburg,  VA 

.'’'Jvnav’P.'  American  Academy  of  Occupational 
Medicine  (AAOM) 

Hegueeta  for  Info  mat  ion:  AAOM,  150  N.  Wacker 
Dr.,  Chicago,  IL  60606 


NINETEENTH  INTERNATIONAL  CONGRESS  ON  OCCUPATIONAL 
HEALTH 

i'ata:  September  25*30,  1978 
I'loioo:  Dubrovnik,  Yugoslavia 
.‘^’onaor.'  Permanent  Commission  S Internation- 
al Assoc,  of  Occupational  Health  (PCIAOH)-- 
organlzed  by  Assoc,  of  Occupational  Health 
of  Yugoslavia  (AOHY)  S Inst,  for  Medical 
Research  S Occupational  Health 
Saquoata  for  Infoi^Kition:  Professor  M.  Sarlc, 
Inst,  for  Medical  Res.  & Occupational  Health, 
91000  Zagreb,  158  Hose  Pljade,  POB  291, 

Yugoslavia 


WESTERN  OCCUPATIONAL  HEALTH  CONFERENCE 


October  12-19,  1978 

PUzoa:  Los  Angeles,  CA:  Hyatt  Regency  Hotel 
FJv'iac'r;  American  Industrial  Hygiene  Assoc., 
Health  Physics  Society;  Western  Occupational 
Medical  Assoc.  (WOMA) ; Western  Assoc.  Indus- 
trial Nurses;  American  Society  Safety  En- 
g I neers 

Paquaate  for  I’lfomztion:  B.  H.  Bravinder 
WOMA,  Box  201,  Alamo.  CA  99507 


MILITARY  MICROWAVES  78 

Data:  October  25*27,  1978 

Pla.ya;  London,  England:  Wembly  Confer.  Cent. 
Sponsor:  EMC  Management  Committee,  lEE, 

I ERE 

Rsquaeta  for  Infomation;  Dr.  0.  E.  N.  Davies 
University  College,  London,  England 


ENGINEERING  IN  MEDICINE  B BIOLOGY.  Thiny-Hnt  Annual 
Confamnoa 


nit  a:  November  6*9,  1978 
PUzoa:  Atlanta,  GA:  Marriott 
Fjvnaop:  Alliance  for  Engineering  In  Medicine 
and  Biology  (AEM8) 
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Rgquaeta  for  Information:  Hrs.  P.  I.  Horner, 

AEHB,  Suite  1350,  5*i5^  Wisconsin  Ave.  , Chevy 
Chase,  MO  2001$ 

i<l 


INTERNATIONAL  MICROWAVE  SYMPOSIUM 


Date:  March  30- Apr  II  2,  1 979 
Plaoe:  Orlando,  FL:  Sheraton  Twin  Towers 
Sponsor:  Inst.  Electrical  S Electronic  En- 
gineers (IEEE) — Microwave  Theory  S Techniques 
Group 

Requeeta  for  Information:  R.  E.  Henning, 
College  of  Engineering,  Univ.  South  Florida, 
Tampa,  FL  32620 


SIXTH  INTERNATIONAL  CONGRESS  OF  RADIATION  RESEARCH 

Date:  May  13*19,  1979 
Plaoe:  Tokyo,  Japan 

Sponsor:  International  Assoc,  for  Radiation 
Research,  Science  Council  of  Japan,  Japanese 
Assoc,  for  Radiation  Research 
Requests  for  Information:  Professor  S.  Okada, 
Secretary-General  6th  International  Congress, 

Oept.  Radiation  Biophysics,  University  of 
Tokyo,  Hongo-Bunkyo-ku , Tokyo, 1 13  Japan 
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CURRENT  RESEARCH 


0258  the  central  nervous  system  as  an  ihmunolog- 

ICALLY  PRIVILEGED  SITE.  Morantz,  R.  A.; 
Rengachary,  S.  (Veterans  Admin.  Hasp.,  4801  LInwood 
Blvd.,  Kansas  City,  HO  64128). 

Microwave- Induced  hyperthermia  as  a therapy  for  brain 
tumors  Is  being  Investigated  In  rats.  Initial  ex- 
periments found  that  microwave  radiation  can  induce 
a seizure  discharge  in  rats  with  a brain  tumor.  Fur- 
ther experiments  will  assess  the  effect  of  multiple 
courses  of  hyperthermia  on  rat  survival.  (8/77-7/78) 

Supporting  Agency :U.S.  Veterans  Admin. 


0259  QUANTIFICATION  S MEASUREMENT  OF  INTERNAL 
ELECTROMAGNETIC  FIELDS  INDUCED  IN  FINITE 
BIOLOGICAL  BODIES  BY  NONUNIFORM  ELECTROMAGNETIC 
FIELDS.  Chen,  K.  (Michigan  State  Univ.,  Sch.  Engin- 
eering, Engineering  Building,  Dept.  Electrical  Engin- 
eering & System  Science,  East  Lansing,  Ml  48824). 

A theoretic  basis  will  be  developed  for  quantifica- 
tion and  measurement  of  internal  electromagnetic 
fields  Induced  in  finite  biologic  bodies  by  non- 
uniform  electromagnetic  fields.  Experime'-tal  con- 
firmation will  be  sought  by  use  of  Implantable  probes 
In  simulated  models.  A theoretic  study  of  implanted 
probes  and  their  response  within  the  medium  will  be 
made.  The  Army  is  using  electromagnetic  radiation 
to  provide  communication  links;  to  probe  the  battle 
e.'.vi  ronment  for  enemy  presence,  equipment,  and  ac- 
tivities; to  control  defensive  ordnance;  and  to  con- 
trol guidance  of  ordnance.  Individual  and  cumulative 
levels  of  these  radiated  energies  are  becoming  a 
considerable  concern  because  of  their  effects  on  the 
natural  environment  and  on  man.  The  theoretic  method 
will  be  based  on  numeric  solution  of  a tensor  inte- 
gral equation  quantifying  the  internal  electromag- 
netic field  induced  in  a finite,  heterogeneous  bio- 
logic body  by  an  incident,  non-uniform  electromagne- 
tic field.  In  this  method  the  body  Is  subdivided 
into  a selected  number  of  small  sub-volumes,  and  the 
individual  electric  properties  determined.  Measure- 
ments with  sample  probes  Immersed  in  varlods  simulant 
media  will  determine  parameters  for  testing  the  theo- 
retic derivations  of  probe  interactions.  (10/77-9/78) 

Supporting  Agency:U.S.  Dep.  Def . , Army 


0260  BEHAVIORAL  EFFECTS  OF  915  HHz  MICROWAVE 
RADIATION  IN  RATS.  Dandrea,  J.  A.;  Gan- 
dhi, 0.  P.;  Gehrich,  J.  L.;  Astie,  L.  (Utah  Higher 
Education  System,  Sch.  Medicine,  Dept.  Medicine, 

1400  E.  2nd  St.,  Sait  Lake  City,  UT  84112). 

Long-Evans  rats  are  being  exposed  to  915  MHz  micro- 
wave  radiation  at  a power  density  of  5 mW/cm^,  8 
hr/day,  5 days/wk  for  16  wk.  Fifteen  of  the  twenty 
rats  are  given  nocturnal  access  to  running  wheels. 
The  remaining  five  rats  are  trained  to  press  a lever 
for  food  pellet  reward  after  each  radiation  period. 
Daily  measurements  of  the  animals'  behavioral  per- 
formance, body  mass,  and  food  and  water  Intake  are 
being  recorded.  Hematology,  serum  chemistry,  and 


urine  indices  will  be  assessed.  In  addition,  elec- 
troencephalographic  activity  will  be  assessed  after 
the  radiation  sequence  is  completed.  (10/77-9/78) 

Supporting  AgencyrHEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0261  MICROWAVE  METHODS  OF  LUNG  WATER  MEASURE- 
MENT. Durney,  C.  H. ; Bragg,  D.  G.;  Is- 
kander, H.  F.;  Shoff,  D.  J.  (Utah  Higher  Education 
System,  Sch.  Engineering,  Dept.  Electrical  Engi- 
neering, 1400  E.  2nd  St.,  Salt  Lake  City,  UT  84112). 

The  feasibility  of  measuring  the  total  fluid  content 
In  the  lung  by  measuring  reflection  of  microwave  en- 
ergy applied  to  the  thorax  or  the  transmission  of 
microwave  energy  through  the  thorax  will  be  deter- 
mined. Microwave  measurements  will  be  made  on  phan- 
toms simulating  the  thorax  and  on  dogs  in  which  pul- 
monary edema  has  been  induced.  (12/77-11/78) 

Supporting  Agency.HEW,  PHS,  NIH,  Natl.  Heart  Lung  & 
Blood  Inst. 


0262  THE  EFFECTS  OF  PRENATAL  EXPOSURE  TO  915  MHz 
MICROWAVE  RADIATION  IN  RATS.  Lovely,  R.; 
Guy,  A.  (Univ.  Washington,  Sch.  Medicine,  Dept  Re- 
habilitation Medicine,  500  17th  Ave.,  Seattle,  WA 
98122). 

Wistar  rats  were  exposed  in  utero  to  915  MHz  micro- 
wave  radiation  at  a power  density  of  5 mW/cm^  for  a 
total  of  380  hr.  Behavior  of  the  rats  was  observed 
from  birth  through  maturation.  (10/77-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0263  EFFECTS  OF  2450  MHz  MICROWAVE  RADIATION  IN 
RATS.  Lovely,  R. ; Guy,  A.  (Univ.  Washing- 
ton, Sch.  Medicine,  Dept.  Rehabi I 'tatlon  Medicine, 

500  17th  Ave.,  Seattle,  WA  98122). 

Wistar  rats  will  be  exposed  to  2,450  MHz  microwave 
radiation  at  a power  density  of  5 mW/cm^,  8 hr/night 
for  3 mo.  Changes  In  urinary  ketosterold  levels, 
glutathione  levels,  and  serum  cholinesterase  activ- 
ity will  be  followed  during  exposure  and  a 2-mo  re- 
covery period.  Changes  In  behavioral  response  to  an 
attention  vigilance  task  will  also  be  studied. 
(10/77-9/78) 

Supporting  Agency:HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0264  RADIOFREQUENCY  AND  HEAT  ENERGY  FOR  SEED 
TREATMENT.  Nelson,  S.  0.;  Stetson,  L.  E. 
(Univ.  Nebraska,  U.S.  Dept.  Agriculture,  Agricultural 
Engineering  Res.  Div. , Lincoln,  NB  68503). 

The  use  of  radiofrequency  (RF)  electric  energy  and 
heat  energy  for  treatment  of  seed  to  Improve  germln- 
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atlon  characteristics  will  be  Invest  lijateJ.  Hot-air 
seed- treat  I ng  equipment  will  be  devised,  and  the  re- 
sults of  heat  and  RF  treatment  on  germination  response 
of  alfalfa  and  red  clover  seed  will  be  compared. 

The  economic  feasibility  of  these  methods  for  re- 
ducing hard-seed  percentages  will  be  deteimlned. 

Other  kinds  of  seed  will  be  exposed  to  RF  treatments 
under  known  frequency,  f leld- I ntensi  ty , nxilsture- 
content,  and  temperature  conditions  to  learn  what 
kinds  of  seed  respond  favorably.  Earlier  studies 
showed  that  germination  of  several  kinds  of  seed 
can  be  Intproved  by  exposures  of  a few  seconds  to  RF 
electrical  treatments  In  the  lO-kO-MHi  frequency 
range.  These  treatments,  as  well  as  Infrared  radi- 
ation, have  been  especially  effective  for  safely  re- 
ducing hard-seed  percentages  In  alfalfa  seed  lots 
and  In  other  hard-seeded  legumes  without  causing  the 
deterioration  In  seed  quality  that  accompanies  mech- 
anical scarification  processing.  In  limited  tests, 
hot-alr-oven  seed  treatment  and  RF  extiosures  at 
microwave  frequencies  also  effectively  lowered  hard- 
seed  percentages  In  alfalfa  seed  lots.  (10/76-9/77) 

Supporting  Agency:U.S.  Dep.  A<irlculture 


0269  EFFECT  OF  EtIV  I RONMENTAL  AGENTS  ON  ONTOGEN- 
ESIS AFTER  PARENTAL  EXPOSURE.  Staples,  R. 
E.;  Nawrot , P.;  Cook,  R.  0.  (U.S.  Dept.  HEW,  Natl. 
Inst.  Environmental  Health  Sciences,  Environmental 
Toxicology  Lab,  Durham,  NC  27709). 

This  project  will  determine  the  developmental  tox- 
icity and  teratogenic  potential  of  selected  environ- 
mental agents  on  mammals  by  application  of  the  test 
agents  to  the  parent (s)  before  mating  or  to  the  dam 
during  gestation.  Studies  will  employ  various  types 
of  noise  up  to  I TO  dB,  microw.tves,  and  solvents. 
(10/76-9/77) 


0266  EFFECTS  OF  MICROWAVE  EXPOSURE  ON  IMMUNE 
DEFENSE  MECHANISMS  IN  PERINATAL  RATS. 
Smialowicx,  R.  J.;  Klnn,  J.  B.;  LIddIc,  C.  G.  (EPA, 
Experimental  Biology  DIv.,  Durham,  NC  27111). 

Separate  groups  of  rats  were  exposed  perinatal ly  to 
2,lt50  and  925  MHz  microwave  radiation  for  k hr/day. 
Rats  ware  sacrificed  at  20  and  kO  days  of  age,  and 
blood  counts  were  performed.  In  addition,  the  In 
vitro  blastogenic  response  of  blood  and  lymph  node 
lymphocytes  was  measured  by  ’H-thymldlne  Incorpora- 
tion Into  DMA  following  stimulation  of  the  cells 
with  T-  or  B-lymphocyte  mitogens.  (10/77-9/78) 

Supporting  AqencyiEPA 


0267  INTERACTION  OF  ELECTROMAGNETIC  FIELD  WITH 

BIOLOGICAL  SYSTEMS.  Chen,  K.  (Michigan 
State  Univ.,  Sch.  Engineering,  Engineering  Building, 
Dept.  Electrical  Engineering  and  Systems  Science, 
East  Lansing,  Ml  k882k). 

Theoretic  methods  for  determining  the  Internal 
electromagnetic  field  Inside  a biologic  body  of 
arbitrary  shape  will  be  developed.  In  addition. 


an  experimental  measurement  program  will  be  con- 
ducted using  simuleted  biologic  models.  A digital 
computer  program  will  be  used  to  quantify  the  In- 
duced electric  field  Inside  the  biologic  bodies  In 
order  to  obtain  theoretic  predictions.  The  theo- 
retic methods  will  also  be  applied  to  study  possible 
therapeutic  and  diagnostic  applications,  such  ns, 
local  heating  In  hyperthermia  and  non-Invasive 
diagnostics.  (2/78-1/79 

Supporting  Agency:NSF,  DIv.  Engineering 


0268  EFFECTS  OF  PRE-CONCEPTION  EXPOSURE  TO 
MICROWAVES  ON  THE  LENGTH  OF  GESTATION. 
Berman,  E,  (EPA,  Experimental  Biology  DIv., 

Durham,  NC  27111). 

Virgin  adult  female  mice  were  exposed  to  2.kS  GHz 
radiation  for  30  days,  bred,  and  examined  for 
length  of  gestation.  Pilot  studies  Indicated  that 
the  application  of  10  mW/cm^  for  30  days  Increased 
the  length  of  gestation  up  to  lOt.  (10/76-9/77) 

Supporting  Agency! EPA 


0269  TERATOLOGICAL  STUDY  OF  MICE  EXPOSED  TO 

MICROWAVES.  Berman,  E.;  Carter,  H.  (EPA. 
Health  Effects  Res.  Lab.,  Durham,  NC  27711). 

Newly  bred  virgin  CDI  mice  were  exposed  to  2,k90  MHz 
microwave  radiation  at  power  levels  of  3.  k,  10,  and 
30  mW/cm'’  for  100  mln/day  through  gestation.  Animals 
were  sacrificed,  and  fetuses  examined  for  morphologic 
effects  of  the  radiation.  (10/77-9/78) 

Supporting  Agency: EPA 


0270  BEHAVIORAL  EFFECTS  OF  2k50  MHz  MICROWAVE 
RADIATION  IN  RATS.  Lovely,  R.;  Guy,  A. 
(UnIv.  Washington,  Sch.  Medicine,  Dept.  Rehabili- 
tation Medicine,  500  17th  Ave.,  Seattle,  WA  98122). 

WIstar  rats  arc  being  exposed  to  2,k50  MHz  microwave 
radiation  at  a power  density  of  500  pW,  7 hr/day  for 
3 mo  In  anecholc  chambers.  Behavioral  parameters 
are  being  studied  during  exposure  and  will  con- 
tinue during  the  recovery  period  In  an  attempt 
to  replicate  previous  Russian  studies.  (10/77-9/78) 

Supporting  Agency:HEW,  I'HS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0271  EFFECTS  OF  915  MHz  MICROWAVE  RADIATION  IN 

RATS.  Lovely,  R. ; Guy,  A.  (Univ.  Washing- 
ton, Sch.  Medicine,  Dept.  Rehabilitation  Surgery, 

500  17th  Ave.,  Seattle,  WA  98122). 

WIstar  rats  will  be  exposed  to  915  MHz  microwave 
radiation  at  a power  density  of  5 mW/cm’ , 8 hr/nighi 
for  3 mo.  Changes  In  urinary  ketosteroid  levels, 
glutathione  levels,  and  serum  cholinesterase  activ- 
ity will  be  followed  during  exposure  and  through  a 
2-nw  recovery  period.  Changes  In  behavioral  response 
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to  an  attention  vl<)l  lance  task  will  also  be  studied. 
(10/77-9/78) 

Supporting  Agency; HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0272  THE  EFFECTS  OF  PRENATAL  EXPOSURE  TO  2lt50  HHt 

MICROWAVE  RADIATION  IN  RATS.  Lovely,  R. ; Guy. 
A.  (Unlv.  Washington,  Sch.  Medicine,  Dept.  Rehabilita- 
tion Medicine,  500  17th  Ave.,  Seattle.  WA  98122). 

WIstar  rats  will  bo  exposed  In  utero  to  2,1(50  MHz ^ 
microwave  radiation  at  a power  density  of  5 mW/cm‘. 
Behavior  of  the  rats  will  be  observed  from  birth 
through  maturation.  All  aninuils  will  be  sacrificed 
for  pathologic  examinations.  (10/77-9/78) 

Supp-irtlng  Agency; HEW.  PHS,  NIH,  Natl.  Inst.  Environ- 
mental Health  Sciences 


0273  TERATOLOCICAL  STUDY  OF  2450  MHc  MICROWAVE 
EXPOSURE  IN  MICE.  McRee,  D.  I.;  Nawrot, 

P.  (Environmental  Biophysics  Lab.,  Natl.  Inst. 
Environmental  Health  Sciences,  U.  S.  Dept.  HEW, 
Durham.  NC  27709). 

Separate  groups  of  pregnant  COI  mice  were  exposed  to 
2,450  MHz  microwave  radiation  at  power  densities  of 
5 and  20  mW/cm  , 8 hr/day  for  17  days.  Animals  were 
sacrificed  prior  to  parturition,  and  fetuses  were 
examined  for  developmental  effects  of  the  radiation. 

A third  group  of  pregnant  CD1  mice  are  presently  be- 
ing exposed  to  2,450  MHz  microwave  radiation  at  a 
power  density  of  30  mW/cm^.  (10/77-9/78) 

Supporting  Agency;HEW,  PHS,  NIH,  Natl.  Inst.  Environ- 
ment Health  Sciences 


0274  TERATOLOCICAL  EFFECTS  OF  MICROWAVE  RADI- 

ATION IN  RATS.  Berman,  E.  (EPA,  Exper- 
imental Biology  Olv.,  Durham,  NC  27111). 

Sprague-Dawley  rats  will  be  exposed  to  100  MHz  mi- 
crowave radiation  for  4 hr/day  during  the  entire 
period  of  organogenesis  In  a Crawford  cell  device. 
Following  exposure,  animals  will  be  sacrificed  and 
fetuses  examined  for  morphologic  effects  of  the 
radiation.  (10/77-9/78) 

Supporting  Agency ‘.EPA 


0275  VESTIBULO-COCHLEAR  EFFECTS  OF  UHF-MICRO- 
WAVE  RADIATION.  LelKivltz,  R.  H.;  Seaman, 

R.  L.  (Unlv.  Texas,  Sch.  Medicine,  Dept.  Physiology, 
5323  Harry  Hines  Blvd.,  Dallas,  TX  75230). 

This  research  will  document  the  effects  of  microwave 
radiation  (MWR)  on  the  nervous  system  by  examining 
single  unit  discharge  In  sensory  systems  that  are 
responsive  to  continuous  wave  or  pulse-modulated 
MWR.  Previous  work  confirmed  that  single  units  In 
the  vestibular  pathway  and  single  units  In  the 
auditory  pathway  show  an  acute  response  to  continu- 


ous wave  and  pulse  MWR,  respectively.  This  project 
will  derive  a nure  complete  quantitative  under- 
standing of  these  Interac t Ions , Investigate  the 
underlying  physical  nwchanisms,  and  evaluate  the 
general  biologic  significance  of  these  MWR  effects 
In  cats.  Similar  studies  using  laboratory  prlntales 
will  then  follow.  The  response  of  single  vestibular 
units  and  of  single  auditory  units  to  appropriate 
physiologic  stimuli  will  be  recorded  via  glass 
micropipotte  located  In  the  eighth  nerve  and  In 
brain  stem  vestibular  and  cochlear  nuclei.  Once 
functionally  identified,  the  subsequent  restninse  of 
the  units  of  MWR  (915  and  2.450  MHz)  applied  to 
the  head  will  be  noted.  For  vestibular  units,  the 
emphasis  will  be  on  their  response  to  physiologic 
angular  acceleration  of  the  head  as  compared  with 
their  response  to  exposure  to  near  field  continuous 
wave  MWR.  For  auditory  unit  the  emphasis  will  be 
on  their  response  to  physiologic  acoustic  stimuli 
(tone  bursts  and  clicks)  as  compared  with  their 
response  to  pul se-nndu lated  MWR.  The  capability  of 
pulsed  MWR  to  mask  acoustic  stimuli  will  also  be 
examined.  Calibration  of  the  MWR  dose  will  be  in 
terras  of  regional  absorbed  energy  density.  Record- 
ing sites  will  be  marked  and  verified  by  histologic 
examination.  These  data  will  be  applied  to  the 
analysis  of  the  biologic  hazards  of  pulsed  MWR  and 
of  the  biomedical  utility  of  MWR  Interaction  with 
the  central  nervous  system.  (1/78-12/78) 

Supporting  Agency;HEW,  PHS,  NIH,  Natl.  Inst.  Envi- 
ronmental Health  Sciences 


0276  NAVY  ENVIRONMENT;  EXPERIMENTAL  DEVELOPMENT 

OF  SIMULATED  BIOTISSUFS.  Cheung,  A. 

(Unlv.  Maryland,  Graduate  Sch.,  College  Park,  MD 
20740) . 

An  attempt  will  be  made  to  develop  a systematic 
procedure  to  simulate  any  biologic  tissue  electri- 
cally at  any  given  temperature  for  microwave  dosi- 
metry studies.  Frequency  sweep  measurenwnt  of 
dielectric  properties  of  various  mixtures  of  sim- 
ulated muscle,  bone,  and  fat  will  be  made  at  sev- 
eral temperatures  and  at  frequencies  from  1 to  18 
GHz.  Dependence,  relative  dielectric  constant, 
and  conductivity  as  a function  of  frequency,  temp- 
erature, and  composition  will  be  determined  as  well 
as  complex  dielectric  properties.  Compositions 
and  physical  properties  will  be  tabulated  In  hand- 
book form  for  different  temperatures  and  frequencies 
and  other  physical  properties.  (10/77-9/78) 

Supporting  Agency:U.S.  Dep.  Def.,  Navy 


0277  NAVY  ENVIRONMENT:  BIOMEDICAL  EFFECTS  OF 
RADIO  FREQUENCY  RADIATION.  Lin,  J.  C.; 
Kraus,  G.  E.  (Wayne  State  Unlv.,  Sch.  Engineering, 
Dept.  Electrical  Engineering,  5950  Cass  Ave.,  De- 
troit, Ml  48202). 

This  research  program  will  be  part  of  the  Navy  ef- 
fort to  determine  the  potential  foi  human  hazaid 
In  the  frequency  range  of  30-300  MHz.  This  study 
will  Investigate  the  effect  of  radio  frequency  rad- 
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Ijtfun  on  the  i)rowCh,  reproduction,  <inJ  petlK>lupy 
of  mice.  The  mice  will  be  exposed,  both  acutely 
and  chronically.  In  a parallel  strip  transmission 
chamber  where  plane  wave  fields  with  variable  E/H 
ratios  can  be  produced.  Temperature  distribution 
atrd  patterns  will  be  established  atid  phantom  models  of 
both  mice  and  man  will  bo  used  to  establish  corre- 
lations. (10/;7-9/;8) 

Supporting  Aqency:U.S.  Dep.  Del.,  Navy 


0278  THEORETICAL  AND  EXPERIMENTAL  BIOMAGNET  ISM. 

Farrell,  D.  E.  (Case  Western  Reserve 
Univ.,  Graduate  Sch.,  Dept.  Physics,  2040  Adclbert 
Rd. , Cleveland,  OH  I|lt106) . 

The  character! St ics  of  the  magnetic  signal  from  the 
His  bundle  in  the  human  heart  will  be  Investigated 
theoretically  and  experimentally.  A simple  source 
model  will  be  used  to  cixiipute  the  external  electrU 
and  magnetic  fields  and  to  Investigate  the  effects 
of  torso  geometry  and  internal  I nhomogene I t I e s on 
the  properties  of  the  signal.  For  the  experimental 
work,  a SQUID  first-order  gradlometer  system  will 
be  employed  having  a lower  intrinsic  noise  level 
than  any  magnetic  detector  In  current  operation. 

The  major  goal  of  this  research  Is  to  provide  a 
clear  test  of  the  existing  theoretic  framework  of 
blomagnelism  for  a well-defined  system  of  practical 
Interest.  Additionally,  a relatively  unknown  regime 
for  magnetic  detection  will  be  explored  experiment- 
ally, and  the  practical  limits  on  such  measurements 
established.  (12/77-11/78) 

Supporting  Agency ;NSF 


0279  EXTERNAL  CARDIAC  STIMUIATION  WITH  MICRO- 

WAVE  RADIATION.  2oll,  P.  M.;  Frank,  H. 

A.;  Belgard,  A.  H.‘,  2oll,  R.  H.  (Beth  Israel  Hosp., 
330  Brocskline  Ave.,  Boston,  MA  022IS). 

Researchers  will  develop  the  apparatus  and  tech- 
niques by  which  microwave  thermal  energy,  applied 
externally  over  the  precordlum,  may  be  transmitted 
through  the  chest  wall  to  warm  atrial  or  ventric- 
ular pacemaker  cells  In  selected  areas  of  the  heart 
to  arouse,  accelerate,  and  maintain  Intrinsic 
rhythms  at  clinically  useful  rates  and  time  In- 
tervals. A microwave  generator  and  matched  appli- 
cator will  be  developed  using  solid-state  micro- 
wave  techniques,  computer  simulations,  optimization 
procedures,  and  modern  fabrication  technologies  to 
allow  control  of  the  depth  of  penetration,  volume 
of  tissue  Irradiated,  and  temperature  change.  The 
distribution,  degree,  and  temporal  course  of  heat- 
ing of  the  target  areas  of  the  heart  and  of  Inter- 
vening tissues  will  be  determined  In  normal  anes- 
thetized dogs  by  appropriate  placement  of  therm- 
istor probes.  In  dogs  with  surgically  Induced 
at r iovent  r I cul.ir  block  the  changes  in  atrial  and 
ventricular  rhythmicity  will  be  studied.  In  par- 
ticular, acceleration  of  the  normal  sino-atrlal 
node  and  of  the  dominant  idioventricular  pacemaker, 
and  the  arousal,  acceleration,  and  maintenance  of 
ectopic  atrial  and  ventricular  pacemaker  will  be 


examined.  Thermal  effects  on  cardiac  metabolism 
and  hemodynamics  will  also  be  observed.  Techniques 
of  temporary  control  of  cardiac  rhythm  to  be  devel- 
oped will  be  quick,  effective,  entirely  safe  and 
painless,  and  completely  noninvasive.  Such  tech- 
niques may  supplement  and  possibly  supplant  present- 
day  methods  Involving  external  cardiac  pacemakers 
and  Intravenous  drugs.  ( 1 2/ 77- 1 1 / /8) 

SupiKJrtIng  AgencyiHEW,  PHS,  NIH,  Natl.  Heart  Lung 
E Blood  Inst. 


0280  RADIOFREQUENCY  RADIATION  INTERFERENCE  (RFI) 

OF  MEDICAL  PROSTATIC  DEVICES.  Mitchell, 

J.  C.;  Hardy,  K.  A.  (U.S,  Air  Force,  Sch.  Aerospace 
Medicine,  Brooks  Air  Force  Base,  San  Antonio,  TX 
78235). 

A blonwdicai  data  base  on  the  interaction  of  Air 
Force  radio  frequency  (RF)  radiation  emitters  aod 
medical  prosthetic  devices  wi  i I be  established, 
and  a state*of*the’art  technology  watch  <in  cardiac 
pacemaker  interference  will  be  maintained.  Manut'ac* 
lurers'  progress  In  developing  pacemakers  to  oper- 
ate properly  In  pulsed  RF  fields  of  200  root  mean 
square  V/m  will  be  assessed,  and  the  data  will  be 
applied  to  operat ional  situations  in  accordance 
with  Air  Force  regulation  (AFR)  I61-A2.  New  staie- 
of-tochnology  pacemakers  will  be  accepted  on  loan 
from  nwinufacturers  and  evaluated  under  a variety 
of  RF  emission  sources  In  the  USAFSAM  labi^ratory. 
Sources  will  Include  radio  frequencies  between  50- 
500  MHz.  Field  tests  will  also  be  conducted  using 
a high  frequency  transmission  system.  Additional 
field  tests  will  be  conducted  In  support  of  specific 
operational  problems  as  provided  by  AFR  I6l-i42. 
(10/77-9/78) 

Suppoiting  Agency: U.S.  Oep . Orl..  Air  Forcp 


0281  EFFECTS  OF  MICROWAVES  ON  IMMUNE  DEFENSE 

MECHANISMS  IN  MICE.  Huang,  A.  (Dapl . 
Internal  Medicine,  Duke  UnIv.  Sch.  Medicine,  Box 
3711.  Durham,  NC  27706), 

BALB/c  mice  are  being  ex|)Oxed  to  a microwave  fre- 
quency of  2,1)90  MHz  at  a power  density  of  19  mW/cm^ 
19  mln/day  for  3 wk.  Followl.iq  ex(K)»ure,  the  mice 
are  sacrificed  and  Ittnunocompetent  cells  are  stu- 
died for  morphologic  and  biochemical  changes,  such 
as,  lymphoblastold  transformation,  mitotic  figures 
and  DNA,  RNA  and  protein  synthesis.  (10/77-9/78) 

Supporting  Agency :EPA 


0282  BIOLOCICAl  fFFECTS  OF  AF  Rf  TRANSMITTER 
FIELDS.  Frazer,  J.  W.;  Barnes.  C.  (U.S. 
Air  Force,  Sch.  Aerospace  Medicine,  Brooks  Air 
Force  Base,  San  Antonio,  TX  78239). 

The  setting  of  safety  standards  for  Air  Force  (AF) 
personnel  exposed  to  electromagnetic  radiation  (EMR) 
must  rest  on  a foundation  of  known  bloef feels. 

This  effort  will  investigate  radio  frcgurncy  (RF) 
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field  affect*  on  blophyslcel  model  i>y*tem*.  The 
Information  gathered  will  allow  the  ad luittmeiil  of 
exposure  criteria  for  AF  personnel  vurklng  In  unigiie 
RF  radlatl  on  environments.  Field  modulation  ef- 
fects. Including  pulsed  fields,  on  a variety  of 
central  nervous  system  (CNS)  Ionic  and  chemical 
distributions  will  be  examined.  The  effects  of 
tHR  fields  on  solvent  transport  processes  In  tissue 
and  polarisation  processes  in  maciomolecules  will 
also  be  investigated.  Alterations  In  the  trace 
metal  content  in  various  areas  of  the  tat  CNS  will 
be  related  with  freguency,  power  density,  and  ther- 
mal stress,  and  these  findings  will  be  extrapolated 
to  an  expected  effect  on  AF  personnel  opeiatlitg  in 
FMR  environments.  (10/77-9/78) 

Supporting  AgencytU.S.  Oep.  Def.,  Air  Force 


0283  HICROWAVE  CATARACTOGENE S 1 S . Oosta,  G.  M. ; 

Nathewson,  N.  S.  (U.S.  Dept.  Defense, 

Armed  Forces  Radloblology  Res.  Inst.,  Uethesda,  NO 

200U). 

The  effect  of  microwave  radiation  on  proteins  In 
rabbit  Ians  will  be  determined  as  well  as  the  rela- 
tionship between  expected  microwave- Induced  altera- 
tions of  lenticular  proteins  and  duration  of  ex- 
posure at  constant  power  density.  Test  animals  will 
be  exposed  to  subcataractogenic  and  catarac togenic 
levels  of  2.liS  GHr  radiation.  Possible  conversion 
of  soluble  lens  proteins  to  an  Insoluble  form 
during  microwave- induced  catarac togenesi s will  be 
investigated.  Quantity  of  soluble  protein  will 
be  determined  after  extraction  of  all  soluble  lens 
proteins  In  a suitable  solvent.  Variables  In  ex- 
traction procedure  will  be  studied  to  determine  If 
soluble  protein  Is  converted  to  Insoluble  protein 
by  the  extraction  procedure  Itself.  After  suitable 
extraction  of  lens  proteins,  guantity  of  alpha, 
beta,  and  gansna  crystal  I Ins  will  be  iiwasured  to 
determine  possible  alterations  In  protein  concen- 
tration In  rabbit  lens  as  a result  of  mlcnrwave 
Insult.  Each  crystal  I In  will  be  analyted  to  deter- 
mltte  shifts  In  subunit  composition  and  changes  In 
chemical /physics I properties  attributable  to  micro- 
wave damage.  (10/77-9/78) 

Supporting  Agency.U.S.  Dep.  Def.,  Def.  Nuclear  Agency 


028*  PERSONNEL  TECHNOLOGY:  DETERMINATION  t 

IDENTIFICATION  OF  EVOKED  MAGNETIC  RESPONSl 
OF  THE  HUMAN  BRAIN  ASSOCIATED  WITH  SENSORY  STIMULA- 
TION. Kaufman,  L.;  Williamson,  S.  J.  (New  York 
Univ. . Sch.  Arts  S Sciences,  Dept.  Psychology,  *21 
1st  Ave.,  New  York,  NY  10012). 

The  Investigators  will  attempt  to  relate  the  tempcnal 
and  spatial  features  of  the  magnetic  field  external 
to  the  scalp  to  sensory  stimulation  and  the  Internal 
state  of  the  subject.  Such  Information  should  pro- 
vide a batter  understanding  of  neurologic  relation- 
ships and  lead  to  Improved  stimulus  presentation 
for  Naval  equipment  displays.  Such  data  should  also 
allow  more  precise  Identification  of  brain  neuro- 
logic problem  areas  In  Naval  personnel.  Proposed 


experiments  will  use  a nsidlfled  reaction  time  para- 
digm to  visually  presented  stimuli  (gratings)  In 
which  spatial  and  temt'oral  freguency  are  varied 
while  luminance  and  adaptation  level  are  held  con- 
stant In  an  attempt  to  differentiate  the  sensory 
irtwi  the  iix>tor  components.  Other  experlnwnts  will 
examine  the  effects  of  selective  (divided)  visual 
attention  on  the  neuromagnet  I c response.  (10/77- 
9/78) 

Supporting  Agency; U.S.  Oep.  Def.,  Navy 


0285  NAVY  ENVIRONMENT:  THE  NATURE  OF  ELECTRO- 
MAGNETIC FIELD  INTERACTION  WITH  BIOLOGICAL 

SYSTEM  FUNCTION.  Frey,  A.  H.  (Randomline,  Inc., 
Huntingdon  Valley,  PA  19006). 

Naval  personnel  are  exposed  In  many  relatively 
closed  spaces  to  varying  levels  of  electromagnet Ic 
radiation,  which  can  affect  Individual  performance. 
This  work  will  Investigate  the  effects  of  exposure 
to  electromagnetic  energy  on  neural  activity  and 
behavior.  Research  on  the  blood-brain  barrier  will 
be  extended  utilising  autoradiographic  techniques 
to  studv  events  In  the  brain  during  exposure  to 
elec  trixnagnet  Ic  energy.  This  should  enable  Identi- 
fication of  the  lc>cus  of  action  of  the  energy  and 
the  nature  of  changes  that  may  occur  In  the  brain. 
Thresholds  will  be  sought  as  well  as  electromagnetic 
field  effects  using  fluorescent  dyes.  (10/77*9/78) 

Supporting  Agency; U.S.  Dep.  Def.,  Navy 

0286  COMMIfTEE  ON  RADIO  FREQUENC I ES--SUPP0RT 
OP  COMMITTEE  OPERATIONS.  Dow,  R.  Y. 

(Natl.  Acad.  Sciences,  2101  Constitution  Ave,  N.W., 
Washington,  OC  20037). 

the  Conanittee  cm  Radio  Fieguencles  (CORF)  of  the 
Natlimal  Academy  of  Sciences  and  Engineering 
piovides  advice  and  reconanendat ioi>s  to  the  NSF  and 
other  government  agencies  in  the  use  of  the  radio 
spectrum  fcrr  leseaich  purpc'ses.  The  CORF  has  three 
subconani  t tes  that  deal  with  radio  astronomy, 
biologic  sciences,  and  atiixrspherlc  and  space 
sciences,  i espec t I ve 1 y . At  present,  the  Committee 
Is  prc<|ectlng  the  spectrum  needs  of  U.S.  researchers 
for  the  next  20  years.  Findings  will  be  presented 
to  appropriate  lederal  channels  to  formulate  the 
U.S.  position  fcrr  the  1979  World  Administrative 
Radio  Conference.  The  Comnlttee  works  via  corres- 
pondence and  periodic  meetings  csf  the  main  and 
subccxwii  I tees . The  Executive  Secretary  at  the 
Natloiral  Academy  of  Science  is  the  local  contact 
and  handles  administrative  matters  fur  the  Comirlt- 
leo.  (1/76-12/76) 

Supporting  Agency;NSF 

0287  NAVY  INVIRONMINI:  INVESTIGATION  OF  THE 
BIOlOGICAl  EFFECTS  OF  PULSED  ELECTROMAG- 
NETIC FIEIDS  GENERATED  BY  NAVAL  OPERATIONS.  Cleary. 
S.  F.  (Dept.  BIcrphysIcs  Virginia  Ctvimxcnwaal th  Unlv,, 
Sch.  Medicine,  1200  E.  Broad  St.,  Rltlmond,  VA 
23298) . 
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Biological  of  Nonioiu/uig  ttifi  tmoi^ietn 

HtKhaUOn  11(41.  June  (B/B 


High  freguency,  high  Intensity  electruniagnet  ic  pulse 
(EMP)  fields  can  be  produced  by  certain  naval  oper- 
ations. This  research  Is  an  attempt  to  determine 
If  (he  Instantaneous  field  strengths  and  pulse  char- 
acteristics of  EHP  are  capable  of  producing  biologic 
alterations  o(  interest  to  man.  This  will  be 
a three-part  study.  The  first  will  be  a study  of 
the  effects  of  EMP  fields  on  serum  proteins,  blood 
chemistry,  and  drug-induced  (pentobarbital)  sleeping 
time  In  the  Dutch  rabbit.  The  second  phase  of  this 
work  will  be  a study  of  EMP  and  microwave  fields  on 
an  artificial  biomembrane  of  known  resistance,  mem- 
brane potential,  and  dielectric  breakdown  potential. 
These  membrane  properties  will  be  investigated  as 
a function  of  the  amplitude  and  pulse  rate  of  an 
applied  EMP  field.  The  third  study  will  examine 
the  effects  of  low  Intensity  electric  field  pulses 
on  erythrocytes.  (10/77-9/78) 

Supporting  AgencyrU.S.  Dep.  Oef.,  Navy 


0288  BEHAVIORAL  CHARACTERISTICS  OF  MONKEYS  AND 
RATS  IRRADIATED  WITH  MICROWAVES.  Delorge, 
J.  0.;  Gris sett,  J.  D.  (U.S.  Navy,  Biomedical  Olv., 
Pensacola,  FL  32512). 

The  effects  of  low  power  density  microwave  radia- 
tion on  monkeys  and  rats  will  be  Investigated  by 
measuring  their  ongoing  operant  behavior.  Rhesus 
monkeys,  sguirrel  monkeys,  and  rats  trained  on 
various  operant  tasks  will  be  exposed  for  prolonged 
durations  to  microwave  radiation  at  low  power 
levels,  pulsed  at  selected  frequencies.  The 
animals,  while  working,  will  be  exposed  to  vertical- 
ly or  horizontally  polarized  radiation  at  2.k  and 
6 GHz  to  demonstrate  differential  effects  of 
polarization  and  frequency.  The  exposures  will 
occur  in  essentially  non-ref lect I ve  restraint 
devices.  In  addition,  the  animals,  chosen  for 
size  differences,  will  perform  on  similar  tasks 
to  permit  a comparative  study  of  animal  size  and 
microwave  parameters  utilizing  behavior  as  the 
dependent  variable.  (IO/77-9//8) 

Supporting  AgencyrU.S.  Dep.  Def.,  Navy 


0289  BIOLOGICAL  EFFECTS  OF  LOCALIZED  E-  AND  H- 
FIELDS  IN  THE  STANDING  MICROWAVE  FIELD. 
Olsen,  R.  G.;  Grissett,  J.  D.  (U.S.  Navy,  Biomedical 
DIv. , Pensacola,  FL  32512) . 

The  effects  of  the  application  of  Individual  micro- 
wave  field  quantities  on  small  biologic  systems  will 
be  studied.  These  field  quantities  are  the  electric 
field  intensity  (E-fIcId)  and  the  magnetic  flux 
density  (H-fleld).  Both  fields  exist  In  a traveling 
plane  wave;  however,  when  a plane  wave  Is  reflected 
from  a conducting  surface,  a standing  wave  pattern 
Is  created  in  which  one  field  quantity  predominates. 
Since  these  standing  waves  are  found  on  board  ship 
because  of  reflections  from  bulkheads,  other  con- 
ducting structures,  and  equipment.  It  Is  important 
to  determine  whether  specific  biologic  effects  re- 
sult from  exposure  to  one  field  quantity  or  the 
other.  A M.O  GHz  planar  standing  wave  pattern. 


generated  by  plane  wave  reflection  from  a iiwtal 
plate  at  normal  incidence,  will  be  used  to  irradi- 
ate I-  or  2-day  old  mealworm  pupae.  The  pupae  will 
be  placed  In  regions  of  the  standing  wave  that  con- 
tain predominantly  one  field  component  or  the  other. 
The  input  power  will  be  adjusted  to  produce  approx- 
imately the  same  microwave  dose  rate  In  the  pupae 
as  has  been  used  In  former  studies  where  Irradiation 
has  produced  morphologic  damage  in  the  enwrgent 
adults.  (10/77-9/78)' 

Supporting  Agency:U.S.  Dept.  Oef.,  Navy 


0290  NAVY  ENVIRONMENT;  EFFECT  OF  RF  AND  MICRO- 

WAVE  RADIATION  ON  NERVOUS  SYSTEMS. 
Takashima,  S. ; Kritikos,  H.  N.  (Univ.  Pennsy Ivan  la , 
Sch.  Electrical  Engineering,  203  Logan  Hall, 
Philadelphia,  PA  19109). 

An  Investigation  of  the  potential  hazards  and 
mechanisms  of  radio  frequency  (RF)  and  microwave 
fields,  of  the  type  generated  by  naval  operations, 
will  be  perforiixjd  on  nervous  systems  of  animals. 
Rabbits  will  be  chronically  Implanted  on  the  dura 
mater  of  the  cortex.  E lect roencepha lographic 
(EEG)  signals  will  be  recorded  and  processed  under 
varying  experimental  conditions.  Parameters  will 
Include  modulation  (various),  field  strength,  and 
carrier  frequencies.  An  attempt  will  be  made  to 
cross-correlate  signals  from  cells  In  different 
parts  of  the  brain,  both  during  and  after  micro- 
wave and  RF  exposure.  (10/77-9/78) 

Supporting  Agency:U.S.  Dep.  Oef.,  Navy 


0291  BIOCHEMICAL  EFFECTS  OF  MICROWAVE  RADIA- 
TION. Grissett,  J.  0.;  Lotz,  W.  G. 

(U.S,  Navy,  Biomedical  DIv.,  Pensacola,  FL  32912). 

This  Investigation  will  provide  quantitative  liieasure 
ments  of  neuroendocrine  stress  ituluced  by  micro- 
wave  radiation  and  assess  the  physiologic  signifi- 
cance of  the  total  stress  response.  Neuroendocrine 
parameters  will  be  measured  on  Rhesus  nxankeys  for 
both  acute  and  chronic  exposure.  For  acute  exper- 
iments the  animals  will  be  exposed  for  8 hr  during 
a 29-hr  period.  Blood  samples  will  be  drawn  at 
2-hr  Intervals.  When  the  neuroendocrine  response 
Is  determined  for  short  exposure  at  high  power 
levels,  the  frequency  and  pulse  parameters  will  be 
used  at  nxiderate  ixiwer  levels  for  chronic  exposure 
to  determine  the  total  physiologic  significance  of 
responses  at  a particular  set  of  field  conditions. 
(10/77-9/78) 

Supporting  Agency:U.S.  Dep.  Oef.,  N.ivy 

0292  measurement  of  rfr  power  distribution. 

Guy,  A.  W. ; Lovely,  R.  H.  (Univ.  Wash- 
ington, Sch.  Medicine,  500  17th  Ave.,  Seattle,  WA 

98122) . 

High  level  national  concern  over  the  adequacy  of 
existing  radio  frequency  safety  standards  has  high- 
lighted the  need  to  define  experimental  exposure 
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field!  accurdtely.  Insure  I nterc(inip.irebi  1 1 ty  of 
power  deposition  and  mechanism  of  Injury  studies, 
and  validate  theoretic  predictions  with  measured 
distributions  In  experimental  animals.  This  effort 
will  investigate  ground  plane  and  position  effects 
on  power  absorption  in  several  man  nndels  at  the 
University  of  Washington  and  at  USAFSAM/RA.  In- 
vestigators will  intercompare  field  measurenwnt 
technigues  used  at  the  University  of  Washington  and 
those  used  at  USAFSAM  and  compare  the  theoretic 
and  mc.ssured  distributions  In  experimental  animals 
exposed  In  both  facilities.  In  addition,  an  ex- 
posure system  will  be  designed  and  constructed  for 
cell  or  tissue  cultures  when  fields  within  culture 
can  be  exactly  specified.  investigators  hope  to 
demonstrate  the  utility  of  the  culture  system  by 
exposing  freshly  Isolated  primate  lymplmcy tes  with 
and  without  simulating  antigens.  University  of 
Washington  personnel  are  to  bring  thernxutraph I c 
egulpmcnt  and  field  measurement  devices  to  USAFSAM 
to  compare  their  measurements  with  tliose  at  USAFSAM. 
Killed  animal  models  and  physical  nxidels  are  to  be 
examined  after  exposure  to  a variety  of  fregucncles 
generated  by  the  high  fregueniy  band  coax  near 
field  synthesizer  and  the  University  of  Washington 
resonant  cavity  at  USAFSAM  and  at  the  University 
of  Washington.  Fields  generated  by  tl<c  multiple 
frequency  exposure  apparatus  will  also  be  prvvvlsion- 
ally  examined  at  SAM.  An  exposure  cell  Is  to  be 
constructed  from  readily  available  materials,  and 
Its  utility  demonstrated  by  exposure  of  freshly 
Isolated  lymphocytes  to  fields  calculated  for  an 
equivalent  field  in  man  models  exposed  to  a variety 
of  field  geometries.  (IO/77-?/78) 

Supporting  Agency:U.S.  Dep.  Oef.,  Air  Force 

0293  MICROWAVE- INDUCED  DAMAGE  IN  THE  MAMMALIAN 

BRAIN.  Catravas,  G.  N.  (U.S.  Dept.  De- 
fense, Armed  Forces  Radiobiological  Res.  Inst., 
Bethesda,  MD  2001  It). 

Changes  in  levels  of  neurotransmi ttrrs  and  activ- 
ities of  enzymes  Involved  In  neurotransmitter  metab- 
olism In  the  central  nervous  system  of  microw.ive- 
Irradlatad  animals  will  be  determined.  East  Euro- 
pean studies  have  indicated  that  microwave  Irradi- 
ation at  low,  nonthermal  levels  results  In  a number 
of  neurologic  and  behavioral  effects  in  aninsvls  and 
humans.  To  substantiate  Russian  data,  a systematic 
study  will  be  conducted  to  determine  if  and  to  what 
extant  neurochemical  mechanisms  In  mammalian  brain 
are  affected  by  exposure  to  low  level  microwave 
radiation.  Groups  of  rats  will  be  exposed  to  con- 
tinuous low-level  microwave  radiation  of  2.A50  MHz 
and  approximately  10  mW/cm*.  At  various  post  Irra- 
diated time  intervals  levels  of  acetylcholine, 
norepinephrine,  dopamine,  and  serotonin  will  be 
determined  in  discrete  brain  areas  of  experimental 
animals  and  sham- Irradiated  controls.  Radiation- 
Induced  changes  In  activity  of  brain  enzymes,  chol- 
ine acetyl  transferase,  acetylcholinesterase,  tyro- 
sine hydroxylase,  cryptophan  hydroxylase  <>nd  mono- 
amine oxidase,  which  are  involved  In  neurotrans- 
mitter  metabolism,  will  also  be  determined.  In 
another  series  of  experiments  the  effect  of  micro- 
wave  radiation  on  adenylcyclase-cycl ic  adenosine 
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nK>noplK>sphate  and  prostaglandin  system  will  be 
determined.  (10/77-9/78) 

Supporting  Agency; U.S.  Dep.  Def.,  Def.  Nuclear  Agency 


0291)  RADIOFREQUENCY  ELECTROMAGNETIC  ENVIRONMENT 

SIMULATION  AND  MEASUREMENT.  Allen.  S.  J.; 
Hurl,  W.  (U.S.  Air  Force,  Sch.  Aerospace  Medicine, 
Brooks  Air  Force  Base.  San  Antonio,  TX  782J5) . 

Egulpment  and  methodology  will  be  developed  to  per- 
form the  experiments  necessary  to  define  radio 
frequency  (RF)  energy  transfer  to  animals  and  man. 
The  results  of  these  experiments  will  provide  the 
basis  for  modifying  the  personnel  exposure  criteria 
for  Air  Force  (AF)  RF  operations.  Instrumentation 
will  be  developed  to  monitor  Incident  fields  and 
absorbed  power  for  biologic  systems  exposed  to  RF 
fields  In  the  range  of  oper.rt  ion.jl  AF  systems, 
namely, ID  MHz  to  10  GHz.  Present  power  absorption 
techniques  are  usable  from  10  to  50  MHz.  Method- 
ology to  be  developed  will  measure  power  absorp- 
tions In  the  50  MHz  to  10  GHz  frequency  range. 
Modeling  of  animals  will  continue  until  a suitable 
model  Is  found  that  will  be  used  to  perform  the 
theoretic  analysis  necessary  to  predict  power  ab- 
sorption In  the  relevant  frequency  range.  (10/77- 
9/78) 

Supporting  AgencyiU.S.  Dep.  Def.,  Air  Force 


0295  PHYSICAL  SCIENCE  COLLABORATIVE  RESEARCH. 

Atkinson,  E.  R.  (DIv.  Cancer  Treatment, 
Natl.  Cancer  Inst.,  HEW,  Bethesda,  MO  2001^). 

Physical  science  collaboration  Is  being  conducted 
In  automated  tissue  culture  colony  counting,  mil- 
limeter wave  spectroscopy  of  tumor  cells,  whole 
body  hyperthermia  patient  treatment,  whole  body 
hyperthermia  animal  studies,  toxicity  of  chemother- 
apeutic agents  at  elevated  temperatures,  non-thermal 
effects  of  microwaves,  precision  measurement  of  size 
of  biologic  objects,  mass  sAectroscopy  of  blopoly- 
mers  and  unn.itural  Isotopes,  nuclear  magnetic 
resonance  of  membrane  specific  proteins,  hixnan  ther- 
moregulation, receptor  site  tertiary  structure  by 
electron  spin  resonance,  dielectric  properties  of 
normal  and  tumor  tissues,  plon  production  at  low 
energies  In  the  laboratory  frame,  tissue  sensi- 
tizers for  ionizing  radiation,  microwave  Imaging 
techniques,  ultrasonic  temperature  measurement, 
liquid  crystal  effects  In  biologic  materials,  optical 
and  viscometric  techniques  for  temperature  n)easure- 
ment,  .uul  act  In  and  myosin  mechanics.  ( 1 0/ 7(>'9/77) 


Supporting  Agency :HEW,  PHS,  NIH,  NCI 


029b  EFFECTS  OF  2550  HH2  MICROWAVES  ON  THE 

EMBRYONIC  DEVELOPMENT  OF  JAPANESE  QUAIL. 
McRee,  D.  I.;  Hamrick,  P.  E.:  Thaxton,  J.  P.; 
Parkhurst.  C.  R.  (HEW,  Natl.  Inst.  Environmental 
Health  Science,  Environmental  Biophysics  Lab., 
Durham,  NC  27709). 
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Juvenile  quail  were  chaliengeJ  at  S weeks  of  age  with 
sheep  red  blood  cells  (SflHC),  and  the  levels  of 
anti-SRBC  antibodies  were  determined.  The  levels 
of  specific  antibodies,  determined  h days  after 
antigen  challenges,  were  the  same  magnitude  for 
both  the  exposed  and  control  quail.  Following 
this  assessment  of  humoral  Immunity,  the  quail  were 
sacrificed,  and  the  bursa  of  Fabriclus  and  spleen 
were  removed,  and  exposed  and  control  birds 
compared.  No  significant  alterations  were  seen  in 
the  microwave  exposed  group.  Other  groups  of 
eggs  were  exposed  to  a power  density  of  5 mW/cm- 
for  the  first  12  days  of  development.  After 
hatching,  the  quail  were  allowed  to  nrature  and 
mace.  Eggs  for  Che  matings  were  hatched  In  a 
standard  incubator.  After  collecting  over  1,000 
eggs  In  each  mating  group,  it  was  found  that  the 
exposed  males  when  mated  with  either  the  control 
or  exposed  females  produced  a 10%  decrease  In 
fertility.  The  exposed  females  when  mated  with 
the  control  males  resulted  in  Che  same  fertility 
rates  as  mating  the  control  females  with  control 
males.  Rating  behavior  studies  were  performed. 

No  differences  In  the  number  of  matings  or  mating 
attempts  were  observed  between  control  and  exposed 
quail.  (I0/76-9/;7) 

Supporting  Agency:HEU.  PHS,  NIH,  Natl.  Inst. 

Environmental  Health  Sc i . 


0297  BEHAVIORAL  AND  PHYSIOLOGICAL  EFFECTS  OF 
MICROWAVE  EXPOSURE  IN  RATS.  Lovely,  R.; 
Guy,  A.  (Univ.  Washington,  Sch.  Medicine,  Dept, 
Rehabilitation  Medicine,  500  17th  Ave.,  Seattle, 

WA  98122). 

Wistar  rats  were  exposed  to  a microwave  frequency 
of  915  MHt  at  power  densities  of  2.5  mW/cm^ , 10  hr/ 
night  for  3 mo.  The  radiation  was  circularly  polar- 
ised bv  a wave  guide  to  provide  constant  dosing  for 
whole  body  exposure.  During  exposure,  serum  chem- 
istry and  behavioral  parameters  including  eating, 
free  operant  analysis,  condlticning  situations, 
and  avoidance  tasks  were  studied.  (10/77-9/78) 

Supporting  Agency  .-ll.  S.  Dep.  Def.,  Navy 


0298  RADIOFREQUENCY  RADIATION  EFFECTS  ON  BIO- 

CHEMICAL SYSTEMS  IN  THE  CENTRAL  NERVOUS 
SYSTEM.  Merritt,  J.  H.  ; Fraier,  J.  W.  (U.S.  Air 
Force,  Sch.  Aerospace  Medicine,  Brooks  Air  Force 
Base,  San  Antonio,  TX  78235)- 

The  Department  of  Defense  TrIservIce  Electromagnetic 
Radiation  (EMR)  Bioeffects  Research  Program  describes 
the  central  nervous  system  (CNS)  as  the  "singularly 
most  Important  area  where  there  Is  evidence  that 
EMR  Interacts  with  biological  systems."  The  objec- 
tive of  this  effort  Is  to  quantitate  the  radio  fre- 
quency (RF)  EMR  effects  on  biochemical  events  sub- 
serving nerve  transmission  In  the  CNS.  The  infor- 
mation obtained  will  be  applied  to  establish  more 
appropriate  safety  standards  for  personnel  working 
In  close  proximity  to  Air  Force  RF  emitters.  The 
effects  of  RF  radiation  on  the  CNS,  specifically  on 


a specialized  function  of  the  neuron,  namely  synap- 
tic transmission,  will  be  studied.  This  effort 
will  attempt  to  quantify  changes  produced  by  RF 
energy  In  these  chemical  switching  systems,  deter- 
mine thresholds  for  frequency  and  power  density, 
and  Interpret  these  changes  In  terms  of  the  expected 
effect  on  man  In  Air  Force  operational  environments, 
(10/77-9/78) 

Supporting  AgencytU.S.  Dep.  Def.,  Air  Force 


OJRR  BEHAVIORAL  AND  PHYSIOLOGICAL  EFFECTS  OF 
MICROWAVE  RADIATION  IN  MONKEYS.  McAfee, 

R. ; Gordon,  R. ; Longacre,  A.;  May,  J.  (Louisiana 
State  UnIv.  Systems,  Sch.  Engineering,  15*»2  Tulane 
Ave.,  New  Orleans,  LA  70122). 

Rhesus  monkeys,  Mo.m.m  mu/.itt.i,  are  being  studied 
for  behavioral  and  physiologic  effects  of  930  MHz 
microwave  radiation.  The  animals  are  being  Irradi- 
ated A days/wk  for  52  wk.  The  nwnkeys  are  main- 
tained In  family  groups  In  outdoor  cages  where 
Individuals  can  enter  an  Irradiation  chamber  and 
depress  a drinking  tube  that  delivers  apple  juice 
and  activates  a microwave  generator  exposing  the 
animals'  faces  and  eyes  to  radiation  power  densities 
between  150  and  495  mw/cm^ . Follow-up  will  last 
2 additional  yr.  Animals  will  be  examined  for 
evidence  of  ocular  damage  and  will  be  observed  for 
behavioral  aberrations  and  reproductive  capability. 
(10/77-9/78) 

Supporting  Agency.'U.S.  Veterans  Admin. 


0300  COMPARISON  OF  THEORETICAL  AND  EXPERIMENTAL 
ABSORPTION  OF  RADIOFREQUENCY  POWER. 
Johnson,  C.  C.;  Barber,  P.  (Utah  Higher  Education 
System,  Sch.  Engineering,  Dept.  Electrical  Engi- 
neering, 1400  E.  2nd  St.,  Salt  Lake  City,  UT  84112). 

Methods  and  data  are  needed  to  extrapolate  (via 
appropriate  scaling  factors)  animal  data  to  man  to 
establish  more  realistic  personnel  safety  electro- 
magnetic radiation  (EMR)  exposure  guidelines  for 
Air  Force  Operations.  The  specific  objectives  of 
this  study  are  (I)  to  define  adequate  models,  (2) 
to  extend  theoretic  radio  frequency  (RF)  power 
absorption  data  to  assess  consequences  of  human 
exposure  to  10  KHz  to  1,5  GHz  RF  radiation  fields, 
and  (3)  to  develop  methods,  accounting  for  size 
and  orientation  effects,  to  extrapolate  animal 
exposures  to  equivalent  human  exposures.  Twenty 
phantoms  will  be  constructed  to  simulate  3-5  kG 
monkeys.  Absorbed  power  will  be  calculated  util- 
izing this  monkey  model  for  exposures  In  free 
space,  near  field,  and  on  a ground  plane.  Experi- 
ments will  be  conducted  to  measure  power  absorbed 
In  the  phantom  and  in  actual  monkeys  for  six  ex- 
posure orientations.  The  best  model  for  man, 
monkey,  rat  and  mouse  will  be  developed,  and  cal- 
culations will  be  performed  to  determine  power 
density  to  which  these  animals  should  be  exposed 
to  produce  the  same  average  absorbed  power  as  man 
when  exposed  to  10  mW/cm^  at  the  same  frequency. 

The  exposure  frequency  for  animals  subjected  to  the 
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same  power  density  as  man  to  accomplish  equivalent 
averaqe  ^>ower  absorption  will  also  be  calculated. 
These  data  will  be  used  to  compile  a handbook  (Re- 
searcher's Guide)  fcr  use  in  selecting  appropriate 
exposure  parameters  (frequency  and  power  density) 
for  animal  studies  to  simulate  tioeffects  in  man. 
Power  absorption  calculations  for  man  and  animals 
will  be  extended  to  1.5  GHz  using  wave  solution, 
numeric  techniques,  or  other  applicable  methods. 

(10/77-9/78) 

Supporting  Aqency:U  S.  Dept.  Del.,  Air  Force 


OTOl  HECHANISHS  OF  NEUROENDOCRINE  RESPONSE  TO 

ELECTROHAGNETIC  RADIANT  ENERGY.  Hlchael- 
son,  S.  M.;  Lu,  S.  (Univ.  Rochester,  Sch.  Medicine 
S Dentistry,  Dept.  Radiation  Biology  i Biophysics, 
bOI  Elmvxx>d  Ave . , Rochester,  NY  IR6A2). 

Studies  are  perform'd  in  the  rat  and  dog  to  relate 
the  sequential  chamies  In  hypothalamic  and  pituitary 
function  to  alterations  In  body  metabolism  or  homeo- 
kinetic  perturbations  as  a result  of  exposure  to 
various  regimens  of  X-rays,  microwaves,  or  combin- 
ations of  these  two  electromagnetic  energies  during 
the  perinatal  as  well  as  adult  iterlods  of  life. 
Radioimmunoassay  techniques  and  competitive  pro- 
tein-binding analysis  are  utilized  to  measure  fluc- 
tuations in  pituitary,  thyroid,  and  adrenal  hor- 
mones; to  study  homeostasis.  Impairment  of  phys- 
iologic capacity,  and  functional  integrity  of  the 
neuroendocrine  system;  and  to  assess  pathophys- 
ologlc  sequelae  fron  exposure  to  electromagnetic 
radiant  energies.  Dogs  subjected  to  X- Irradlat Ion 
(100  or  1,000  R)  to  the  head  or  1,000  R to  the 
thyroid  show  altered  Integration  of  the  hypothalamic- 
hypophyseal  thyroid  and  adrenal  axes  with  compensa- 
tory thyroid-stimulating  hormone,  Tl|,  catecholamine, 
and  glucocorticoid  response  to  cold.  Alteration 
of  the  thyrostat  set-point  Is  seen  In  rats  8 wk 
after  1(00-1,300  R head/neck  X- 1 rrad  1 at  Ion ; thyroid 
and  pituitary  neoplasms  appear  In  1-2  yr.  Micro- 
wave  exposure  of  adult  rats  Induces  corticosterone 
increase  in  relation  to  Increased  body  temperature; 
In-utero  exposure  (RO  mW/cm'^)  results  in  earlier 
maturation.  (10/78-9/77) 

Supporting  AgencyiERDA 


0302  NAVY  ENVIRONMENT:  EFFECTS  OF  MICROWAVES 

ON  MATURATION  IN  THE  RAT.  MIchaelson,  S. 
(UnIv.  Rochester,  Sch.  Medicine  & Dentistry,  Dept. 
Radiation  Biology  & Biophysics,  6OI  Elmwood  Ave., 
Rochester,  NY  1 1(61(2). 

Research  to  date  has  shown  that  microwaves  affect 
the  growth  and  development  of  the  rat  fetus  when 
the  exposure  Is  properly  placed  during  the  gesta- 
tional period.  Brain  growth  appears  to  be  most 
affected.  This  research  will  attempt  to  study  how 
subsequent  neonatal  development  and  maturation  of 
temperature  regulation,  which  involves  neural,  hor- 
monal and  mutational  facets,  are  modified  by  the 
in  utero  exposures.  The  development  of  the  brain 
and  ontogeny  of  temperature  will  be  studied  by  ex- 


posing individual  ruts  (previously  ex;H>sed  in  utero) 
of  specific  ages  to  a mild  cold  stress  25-30  C)  and 
measuring  netabulism  (0^  consumption)  and  peripheral 
venous  vasoconstriction.  If  a deficit  appears, 
substrate,  hornx>nal,  or  neural  factors  that  may  be 
responsibit  nil!  be  examined.  Some  animals  will 
be  decapitated  for  gross  and  microscopic  examina- 
tion of  the  brain.  During  the  second  yr , power 
densIty/tIme  relationships  will  be  developed  on  the 
basis  of  body  surface.  (7/77-9/78) 

Suppirrting  Agency:U.S.  Dep.  Del.,  Navy 


0303  REFLECTION  AND  DIFFRACTION  ASPECTS  OF 

BIOLOGICAL  MICROWAVE  DOSIMETRY.  Olsen, 

R.  G.;  Grissett,  J.  D.  (U.S.  Navy,  Biomedical  Olv., 
Pensacola,  FI.  321(12). 

The  microw'ive  energy  absorbed  by  a reasonably  real- 
istic up-right  human  model  of  man-size  dimensir'ns, 
given  an  incident  horizontal  microwave  beam,  will 
be  experimentally  determined.  This  determination 
can  allow  <1  (more  accurate  estimatic'n  of  the  micro- 
wave  energy  absorbed  by  naval  personnel  and  can 
provide  a basis  for  further  studies  of  microwave 
absorption  In  man  in  other  postdural  and/or  beam 
configurations.  The  ultimate  aim  of  this  inves- 
tigation Is  to  elucidate  the  physical  parameters 
(beam  polarization,  body  posture,  ground  plan  ori- 
entation) that  cause  the  largest  deposition  and/or 
concentration  of  microwave  energy  In  the  ii\an-slze 
model  for  a given  frequency  and  field  Intensity. 

An  electric  energy  density  meter  will  be  used  to 
measure  both  the  magnitude  and  direction  of  the 
vector  electric  field  intensity  In  the  region  around 
the  illuminated  phantom  nxjdel . A frequency  of  1.0 
GHz  will  be  Initially  used  to  extend  the  results 
of  previous  experiments.  Emphasis  will  be  on  the 
economic  acquisition  of  a three-dimensional  dis- 
tribution of  vector  E-fleld  values  representative 
of  a closed  surface  completely  surrounding  the  man- 
size  model.  The  phantom  will  consist  of  a pliable, 
putty-llke  substance  with  gross  microwave  absorp- 
tion properties  adjusted  to  those  of  mammalian 
tissue.  (10/77-9/78) 

Supporting  Agency;U.S.  Dep.  Def.,  Navy 


OiOk  NAVY  ENVIRONMENT:  QUANTITATION  OF  MICRO- 
WAVE  RADIATION  EFFECTS  ON  THE  HEAD  AND 
EVES  OF  RABBITS,  PRIMATES  AND  MAN.  Kramar,  P.  0.; 
Emery,  A.  (Dept.  Rehabilitation  Medicine,  Univ. 
Washington,  Sch.  Medicine,  500  17th  Ave.,  Seattle, 

WA  98122). 

Exposure  to  microwave  radiation  can  cause  opacity 
and  damage  In  the  eye.  The  exact  conditions  under 
which  these  effects  occur  are  yet  to  be  established; 
consequently,  there  is  a great  deal  of  controversy 
concerning  the  safe  level  of  human  exposure  to  mi- 
crowave radlatlrrn.  The  increased  use  of  high  power 
microwave  equipment  by  the  Navy  and  other  arm(>d 
services,  as  well  as  the  general  population,  demands 
well-planned  and  expertly  executed  theoretic  and 
experimental  investigations.  Rabbits  will  be  ex- 
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po^ed  to  2,kS0  MHz  micri>w<ive»  at  above  threihold 
povier  levels,  but  at  subtbreshold  time  levels. 
Aoditlo'ial  animals  will  be  exposed  to  300  mW/cm^ 
incident  power  levels  and  subthreshold  time  periods, 
but  the  Intervals  between  exposures  will  be  varied 
from  I to  i days.  Retrolental  temperatures  will 
be  measured  in  some  animals  to  determine  If  re- 
peated subthreshold  exposures  alter  the  temperature- 
requlatinu  mechanism  of  the  eye.  A fluorescein 
dye  will  be  used  to  determine  the  effect  of  the 
microwaves  on  the  blood  flow  to  the  eye.  A recently 
developed  heat  source  will  be  used  to  determine 
if  merely  heatinii  the  eye  In  a pattern  similar  to 
microwaves  and  up  to  the  level  known  to  cause  cat- 
aracts will  result  in  the  formation  of  cataracts. 
(10/77-9/78) 

Supporting  Agency.Ll.S.  Dep.  Def.,  Navy 


0305  LABORATORY  AND  FIELD  EVALUATIONS  OF  HEAT 
ENERGY  TO  CONTROL  STOREO-PRODUCT  INSECTS. 
Kirkpatrick,  R.  L.  (U.S.  Dept.  Agriculture,  Stored 
Products  Insects  Res.  S Development  Lab.,  31*01 
Edwin  Ave.  , Savannah,  GA  311*05). 

To  control  stored-product  insects  infesting  grain 
or  other  stored  commodities,  practical  techniques 
will  be  developed,  and  these  methods  will  be 
adapted  for  field  evaluations  using  temperature, 
including  infrared  and  microwave  radiation.  Data 
obtained  from  these  laboratory  and  field  tests  will 
be  used  to  develop  a practical  and  inexpensive  com- 
mercial unit  to  control  stored-product  insects. 

The  laboratory  tests  will  determine  the  repel lancy, 
attractancy,  effect  on  life  history,  behavioral 
responses,  and  dosage-mortality  relationship  of 
stored-product  Insects  exposed  to  infrared,  micro- 
wave  radiation,  and  other  types  of  heat  energy. 
Exploratory  tests  have  shown  that  recirculation  of 
hc't,  dry  air  within  100-bu  painted  (black)  metal 
bins  can  increase  the  temperature  of  wheat  to  pre- 
vent Insect  infestation  if  the  overhead  air  space 
reaches  33  C or  more.  Thermoelectronic  devices 
were  used  during  laboratory  tests  to  increase  the 
temperature  of  wheat  to  36  C thereby  reducing  the 
number  of  rice  weeviis  emerging  from  the  treated 
wheat.  During  heat  sensitivity  studies,  coitiplete 
control  of  immature  rice  weevils  in  the  egg  and 
larval  stages  was  obtained  at  35  C.  A 66^  reduc- 
tion was  observed  in  mature  larval  and  pupal 
stages,  but  no  F(l)  emergence  was  observed  when 
these  adults  were  allowed  to  oviposit.  (10/77-9/78) 

Supporting  Aqency:U.S.  Dep.  Agriculture 


0306  TUMOR  RADI0CHEM0THERAPY--EFFECTS  OF  ULTRA- 

SOUND AND  HEAT.  Hahn,  G.  M.;  Maritior,  J. 
B.;  LI.  C.  C.;  Fajardo,  L.  (Dept.  Radiology,  Stan- 
ford Univ.,  Sch.  Medicine,  Palo  Alto,  CA  91*305). 

The  interaction  of  X- i rrad iat ion  and  chemotherapy 
with  hyperthermia  generated  by  ultrasound  and  micro- 
waves  in  affecting  tumor  cures  In  laboratory  ani- 
mals will  be  Investigated.  Specifically,  the  ef- 
fects of  ultrasound  and  microwaves  in  cells  will  be 


examined  In  vitro  and  in  vivo  at  temperatures  above 
37  C.  Combined  treati*<ents  of  X- i rrad  Iat  ion  (or 
chemotherapy)  and  hyperthermia  will  be  quantitated 
in  tissue  culture  systems  and  in  experimental  tu- 
mors. Both  cell  survival  studies  of  EMT-6  tumors 
as  well  as  tunxir  cure  experiments  with  EMT-6  and 
other  tumors  will  be  performed.  Co<nbi  nat  ions  that 
prove  promising  will  be  examined  for  possible  clin- 
ical applications.  Equipment  will  be  developed  to 
carry  out  laboratory,  and  eventually,  clinical  stu- 
dies. (12/77-2/78) 

Supporting  Agency;  HEW,  PHS,  NIH,  NCI 

0307  NAVY  ENVIRONMENT;  MECHANISMS  OF  MICROWAVE 

NEURAL  INTERACTION.  Durney.  C.  H.;  Lords, 
J.  L.  (Utah  Higher  Education  System.  Sch.  Engi- 
neering, Dept.  Electrical  Engineering,  lAOO  E.  2nd 
St.,  Salt  Lake  City,  UT  84112). 

Recent  increases  in  the  use  of  microwave-emitting 
devices  have  caused  growing  concern  about  the  health 
hazards  resulting  from  exposure  of  personnel  to 
microwave  radiation.  Though  there  is  general  agree- 
ment on  the  hazards  resulting  from  tissue  heating 
by  high-level  microwave  Irradiation,  little  is 
known  about  possible  damage  produced  by  exposure 
to  low-power  microwave  radiation.  This  research 
will  explore  the  mechanisms  that  cause  responses 
at  low  levels  in  neural  substrates.  The  research 
will  be  divided  into  two  phases.  First,  the  post- 
synaptic  receptor  sites  will  be  studied,  following 
isolation  of  receptor  molecules  from  nerve  remnants. 
Once  isolated,  the  binding  constants  for  Ca'*"*'  and 
acetylcholine  will  be  determined.  Microwaves  will 
then  be  used  to  determine  effect  on  these  constants. 
Second,  synaptosotnes , which  are  membranous  struc- 
tures that  contain  transmitter  substances,  will 
be  studied  to  determine  If  microwaves  enhance  trans- 
mitter release.  (10/77-9/78) 

Supporting  Agency; U.S.  Dep.  Def.,  Navy 


0308  NON-INVASIVE  SENSING  OF  SUBCUTANEOUS 
TEMPERATURES.  Barrett,  A.  H,;  Myers, 

P.  C.  (Massachusetts  Inst.  Technology,  Sch.  Science, 
77  Massachusetts  Ave.,  Cambridge,  MA  02139). 

Microwave  thermography  as  a means  of  sensing 
subcutaneous  temperatures  in  humans  In  a non-Invasive 
manner  will  be  evaluated.  This  harmless,  painless 
technique  sends  no  radiation  Into  the  body.  Like 
Infrared  thei'mography,  it  measures  the  natural 
thermal  radiation  of  body  tissue.  Unlike  inf.ered 
thermography  it  senses  tissue  temperature  at  depths 
of  several  cm.  Clinical  trials  on  over  2,000 
wo*iien  for  breast  cancer  detection  have  been 
conducted  with  3.3-GHz  instrument;  26  had  biopsy- 
proven  breast  cancer.  The  resulting  true  positive 
and  true  negative  rates  exceeded  70t  and  were 
comparable  to  the  Infrared  rates.  The  microwave 
and  infrared  techniques  together  detected  S6i, 
of  the  cancers.  Similar  studies  will  be  conducted 
at  1.3  and  6.0  GHz  to  determine  the  best  frequency 
for  microwave  detection  of  breast  cancer.  Clinical 
detection  studies  of  other  diseases  will  be 
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performed,  Includlrti)  cerebrovascular  disease, 
peripheral  vascular  disease,  and  tumors  In  Internal 
organs.  Improvemencs  In  antenn.i  resolution, 
scanning  and  Invaging,  and  thernul  pattern  analysis 
will  be  carried  out  (9/77-8/73) 

Supporting  Agency:Hl;W,  PHS . NIH.  Natl.  Inst. 

G 'neral  Hedic.il  Sc  I . 


0309  UlTRASTRUCTURAL  STUDIKS  OF  MICROWAVE 

CATARACTOSENESIS.  Simon,  0.  R. ; McKee, 

A.  E.  (U.S.  Navy  Experimental  P.ithology  Dept., 
Bethesda,  MD  200|l*). 

This  research  will  Investigate  the  earliest  ultra- 
structural  changes  In  mammalian  lens  following 
exposure  to  electromagnetic  radiation,  with  special 
emphasis  on  defining  the  thermal  effects.  Microwave 
cataractogenes I s will  be  studied  using  scanning 
and  transmission  electron  microscopy  and  light 
microscopy.  New  Zealand  red  rabbits  and  owl  monkeys 
will  be  used  as  experimental  animals.  Morphologic 
changes  noted  In  the  lens  of  animals  exposed  to 
cataractogenic  levels  of  electromagnetic  radiation 
will  be  compared  with  those  from  animals  whose  eyes 
will  have  been  subjected  to  thermal  insults  of 
equal  magnitude  and  duration  but  Induced  by  the 
local  application  of  a heating  coil  to  the  eye. 
(10/77-9/78) 

Supporting  AgencyiD.S.  Oep.  Oef.,  Navy 


0310  BIOELECTRIC  PHENOMENA  CONTROLLING  BONE 

GROWTH.  Bassett,  C,  A.  (Columbia  Univ., 
Sch.  Medicine,  630  W.  168th  St.,  New  York,  NY  10032). 

Methods  and  mechanisms  for  the  bioelectric  control 
of  cell  function  will  be  defined.  The  investigators 
will  analyte  potential  dependent  phenomena  at  cell 
surfaces  Involving  Interactions  of  charged  species, 
such  as,  divalent  cations  and  hormones.  Inductively- 
coupled  electromagnetic  fields  will  be  utilized  to 
provide  a variety  of  bioelectric  perturbations. 

This  approach  will  be  assessed  through  in  vitro 
studies  of  protein  synthesis  and  '*^Ca  release  by 
osteogenic  and  chondrogenic  cells  and  of  dynamic 
Na  Ion  transport  In  the  toad  bladder  membrane,  as 
well  as  by  In  vivo  studies  of  fracture  healing  In 
a rat  radial  osteotomy  model.  Primary  emphasis 
will  be  focused  upon  the  elaboration  of  Induced 
current  pulse  characteristics,  which  have  biologic 
significance  durinc  bone  formation  and  repair, 
e.g.,  shape,  frequrncy  content,  amplitude  spectrum, 
and  repetition  rate.  Quantitative  evaluations 
will  be  obtained  via  Impedance;  radioactive  label- 
ling; and  radiographic,  hlstolcglc,  and  mechanical 
testing  techniques.  (2/78-1/79) 

Supporting  AgencytHEW,  PHS,  NIH,  NIAMDD 


0311  EFFECT  OF  LOW-DOSE  MICROWAVES  ON  THE  IM- 

MUNE RESPONSE  OF  MICE.  Jedrzejezak,  W. ; 
Sell,  K.  W,  (U.S.  Navy  Medical  Res.  Inst.,  Bethesda, 
MD  20014). 


Effects  of  long-term  low  dose  microwave  exposure  on 
the  Immune  response  of  laboratory  animals  will  be 
Investigated.  Mice  will  be  Irradiated  with  con- 
tinuous or  pulsed  2,490  MHz  microwave  radiation  to 
a total  single  dose  of  10  mW/g  tissue  one  or  more 
times  during  I or  2 wk.  The  same  number  (usually 
9)  will  serve  as  a control.  The  bone  marrow  and 
peripheral  blood  picture  of  normal  and  microwave 
irradiated  mice  will  be  determined  using  routine 
methods.  Spontaneous  transfornat Ion  of  peripheral 
blood  white  cells  in  6-hr  cultures  and  spleen  cells 
In  6-,  72-hr,  and  5-day  cultures  will  be  evaluated 
by  Incorporation  of  trltlated  thymidine,  uridine, 
and  leucine.  Mi togen- induced  transformat  ion  tests 
will  be  performed  with  spleen  cells  using  phyto- 
hemagglutlnln,  concanavalln  A,  pokeweed  Mitogen, 

I Ipopolysaccharlde  B of  f’ajhtJi’i.'hio  m'H  , poly-l, 
and  poly-C.  Mixed  lymphocyte  culture  tests  also 
will  be  performed.  Additionally,  spleen  cells  from 
experimental  animals  will  be  evaluated  for  presence 
of  surface  markers:  i.e.,  Fc  receptor,  complement  re- 
ceptor for  quantitation  of  (xipulatlons  of  B cells, 
and  theta  antigen  for  quantitation  of  T cells. 

(10/77-9/73) 

Supporting  Agency. U.S.  Oep.  Oef.,  Navy 


0312  INVESTIGATION  OF  THE  FACTORS  DETERMINING 

MICROWAVE  ABSORPTION  IN  NORMAL  AND  MALIG- 
NANT TISSUE.  Grant,  E.  H,;  Sheppard,  R.  J.;  Szwar- 
nowski,  S.  A.  (UnIv.  London,  Campden  Hill  Rd., 
London  W8  '\H,  England). 

Methods  of  optimizing  the  absorption  of  microwave 
energy  by  malignant  tissue  as  a means  of  achieving 
differential  heating  will  be  devised.  The  project 
will  Involve  both  the  development  of  methods  of 
launching  microwaves  Into  a tumor  and  measuring 
.the  dielectric  properties  of  normal  and  malig- 
nant tissue  so  that  a frequency  region  can 
be  Identified  In  which  microwave  radiation  Is 
absorbed  differentially  by  malignant  cells  at  the 
expense  of  normal  cells.  An  attempt  will  be  nade 
to  propagate  the  microwaves  with  a probe  or  appli- 
cator consisting  of  a small  diameter  coaxial  line 
mounted  in  a hypodermic  needle.  Matching  experi- 
ments will  be  carried  out  using  bolus  material  and 
measurements  of  standing  wave  ratio  made  for  var- 
ious sized  applicators.  The  measurements  of  the 
electrical  properties  of  normal  and  malignant  tissue 
will  be  made  using  a time  domain  spectrometer  (TDS) 
as  well  as  by  the  more  conventional  frequency  domain 
techniques.  The  aim  Is  to  determine  the  electrical 
permittivity  and  conductivity  of  solid  tissue  and 
cell  suspensions  over  a frequency  range  of  1 MHz- 
100  GHz  and  to  Interpret  the  results  In  terms  of 
the  quantity  and  nature  of  the  free  water  and  water 
of  hydration.  If  the  current  evidence  that  the  wa- 
ter structure  Is  different  between  normal  and  malig- 
nant tissue  Is  substantiated.  It  should  be  possible 
to  Identify  a frequency  region  where  cancer  cells 
absorb  more  radlowave  or  microwave  energy  than  nor- 
mal cells.  A microwave  probe  has  been  devised  and 
tested  on  tumor-bearing  mice  and  good  local  iz.st  ion 
of  heat  In  the  tumor  has  been  achieved.  Ovinq  to 
the  very  high  conductivity  of  malignant  tissue  and 
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solutions  of  cancar  calls  tha  tlrsl  prerequisite 
M4S  to  devise  and  test  TOS  methods  for  the  deter- 
mination of  the  permittivity  and  conductivity  of 
very  lossy  materials.  This  was  achieved  and  solu- 
tions of  adenosine  triphosphate  of  conductivity 
around  I OhWm  were  successfully  measured.  1 10/77- 
'»/78) 

Support  inq  Agency tCancer  Res.  Cam(<dlqn,  England 


0)1 i A sruov  Of  DENDRITIC  SPINE  MORPNOLOGT  IN 
RAT  BRAIN  FOLLOWING  CHRONIC  EXPOSURE  TO 
LOW  INTINSITY  HICROWAVE  RADIATION.  Hosszu.  J.  L.; 
Hciceo.  A.  E.  lU.S.  Navy.  Engineering  Support  Dept., 
Bethesda.  MO  700|l»l. 

Adult  male  rats  and  rabbits  have  been  chronically 
exposed  to  pulsed  microwaves  (10  mW/cm*.  pulse 
repetition  rate  I kHz.  .60  duty  cycle,  2.7  GHz  and 
).7  GHz,  respectively)  for  2 hr/day.  Attempts  will 
be  made  to  assess  morphc'loglc  effects  described  by 
the  Soviets.  Basilar  and  apical  dendritic  pro- 
cesses of  pyramidal  cells  located  In  discrete  areas 
of  the  sensory  nxstor  cortex  will  be  examined  at 
various  depths  for  pissslble  spine  degeneration,  in 
accordance  with  accepted  rapid  Golgi  procedures. 
Class! f icatlon  as  to  type  of  dendritic  process 
Involved,  area  of  tissue,  and  depth  of  observation 
will  enable  quantitative  spine  counting  utilizing 
light  microscopic  techniques.  Efforts  will  address 
the  effects  of  altered  electromagnetic  radiation 
(EHR)  parameters  on  dendritic  spines,  and  cellular 
mechanisms  kncvwi'.  to  modify  dendritic  proliferation. 
Further,  because  dendritic  spine  degeneration  may 
show  regional  specificity,  changes  will  be  corre- 
lated with  current  knowledge  of  functional  neuro- 
anatomy, Spine  degeneration  studies  will  serve  as 
a tool  for  understanding  EHR  effects  at  the  systems 
level.  (ID/?/-*)/??) 

Suptxyrting  Agency.U.S.  Dep.  Def.,  Navy 


03ll)  THERMOGRAPHY  AT  HICROWAVE  AND  MILLIMETER 

WAVELENGTHS.  Mender,  W.  R,;  Carson,  P. 

L.;  Cacak,  R.  K.  (Univ.  Colorado,  Sch.  Medicine, 
1*200  E.  9th  Ave.,  Denver,  CO  80220). 

Thermographic  Instruntentat  Ion  at  )0  GHz  (lower 
millimeter  wavelength  region)  and  at  I.S  GHz  (lower 
microwave  wavelength  region)  Is  being  developed  and 
evaluated  physically  preparatory  to  obtaining  pa- 
tient Images.  Because  of  the  increased  penetration 
depth  of  long  wavelength  thermography,  data  reflect 
thermal  patterns  from  underlying  tissues  rather 
than  the  skin  surface,  as  Is  the  case  with  conven- 
tional thermography.  Primary  application  of  the 
proposed  Imaging  techniques  Is  to  detect  breast 
cancer,  although  other  applications,  such  as,  skel- 
etal Inflammation  assessment  also  are  being  evalu- 
ated. In  these  applications,  normal  Individuals  and 
patients  with  knciwn  or  suspected  pathology  will  be 
Included  In  clinical  trials,  (2/78-1/79) 

Supporting  Aqency:HEW,  PHS,  NIH,  NCI 


03IS  DEVELOPMENT  OF  ELECTROMAGNETIC  RHEP- 

ANGIOGRAPHY.  kolin.  A.  (Univ.  California. 
Sch.  Medicine,  kOS  Hilgard  Ave.,  Los  Angeles,  CA 
90021*). 

See  Current  Rese.>rch  023**  and  0)23  for  description 
of  this  research.  ( 1 2/77- 1 2/ /8) 

Supporting  Agei*cy;HEW,  PHS,  NIH,  Natl.  Heart  Lung 
i B I ix>d  Inst. 


0)16  NAVY  ENVIRONHENI:  EFFECTS  OF  MICROWAVE 

RADIATION  ON  CELLS  IN  TISSUE  CULTURE. 
Chen,  k.  C.;  Taylor,  J.  D.  fWayne  State  Univ., 
Sch.  Liberal  Arts,  iskl  Cass  Ave.,  Detroit.  Ml 
1*8202). 

See  Current  Research  0183  for  description  of  this 
research.  (10/77-9/78) 

Supporting  Agency.'U.S.  Dep.  IVI.,  Navy 


0317  MICROWAVE  EXPOSURE  EFFECTS  ON  BEHAVIORAL 

ACTIONS  OF  PHARMACOLOGICAL  AGENTS.  Thiwcis  , 
J.  R.  (U.S.  Navy.  Behavloial  Sciences  Dept., 

Bethesda.  MO  2001**) . 

See  Current  Research  01b7  for  description  of  this 
research.  (10/77-9/78) 

SuptKirting  Agency;U.S.  Dep.  Pet..  Navy 


0318  PROBLEM  SOLVING  IN  RHESUS  MONktYS  AS 

INFLUENCED  BY  MICROWAVES.  Delorsie,  J. 
0.  ; Nelson,  T.  0.  (U.S.  Navy.  Blismedlcal  DIv.. 
Pensacola.  FL  32512). 

See  Current  Research  OI70  for  description  of  this 
research.  (10/77-9/78) 

Supporting  Agency: U.S.  Dep.  Del.,  Navy 


0319  LASER  EYE  MEASUREMENT  AND  EVALUATION  SYSTEM. 

Bruckner,  A.  P.;  Auth,  0.  C.  (Univ.  Wash- 
ington, Sch.  Engineering,  206  Guggenheim  Hall,  Se- 
attle. WA  98I0,S). 

See  Current  Research  0175  for  description  of  this 
research.  (10/77-9/78) 

Supporting  AgencytU.S,  Dep.  Def.,  Air  Force 


0320  RF  EFFECTS  OF  IMMUNE  SYSTEMS,  Liburdy.  R. 

P.;  Frazer.  J.  W.  (U.S.  Air  Force,  Sch. 
Aerospace  Medicine,  BriKiks  Air  Force  Base,  San  An- 
tonio. TX  78235). 

See  Current  Research  0168  for  description  of  this 
research.  (10/77-9/78) 

Supporting  AgencytU.S.  Dep.  Def.,  Air  Force 
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0)2  i ASSESSHENT  Of  PERFORMANCE  RASED  ON  FUNC 
TIONAL  VISION.  Devine.  J.  V.  (Univ. 
Te>«».  Sch,  Llberel  Arts,  El  Paso,  TX  79902). 

See  Current  Reseercb  0171  Cor  description  of  this 
research.  (10/77-9/78) 

Supporting  AgencytU.S.  Dep.  Def.,  Air  Force 


0926  ELECTRONAGNETIC  BLOOD  WARNING.  Silva.  J.^ 
Bentley,  R.  K.  (U.S.  Navy,  Syste^n-.  Tech- 
nology Dept.,  San  Diego,  CA  92191). 

See  Current  Research  0186  for  description  of  this 
research.  (10/77-9/78) 

Supporting  Agency: U.S.  Dep.  Def.,  Navy 
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0922  ELECTRIC  FIELD  AND  ELECTRONAGNET I C SENSOR 

CAPABILITIES  OF  NARINL  ORGANISHS.  Kalmijn, 
A.  J.;  Shelteina.  R.  (Woc>ds  Hc>1e  Oceanograph I c Inst., 
Nain  St.,  Woods  Hole,  HA  02S9)). 

See  Current  Research  0206  for  description  of  this 
research.  (10/77-9/78) 

Supporting  Agency;U.S.  Dep.  Def.,  Navy 


032}  OEVELOPHENT  OF  ELECTRONAGNET  .T  RHEOANG I - 

OCRAPHY.  Xolln,  A.;  NacAlpIn,  R.  N.; 
StecLel,  R.  J.;  Snow.  N.  0.  (UnIv.  California.  Sch. 
Nedicine.  AOS  Hllgard  Ave. . Los  Angeles.  CA  9002A). 

See  Current  Research  02}A  and  0315  for  description 
of  this  research.  (10/77-9/78) 

Supporting  Agency ;HEW,  PHS . NIH,  Natl.  Heart  lung 
S Bloc'd  Inst. 


032A  effects  OF  NULTIPLE  RF  RADIATION  EXPOSURES. 

Krupp,  J.  H.  (U.S.  Air  Force.  Sch.  Aero- 
space Medicine,  Brooks  Air  Force  Base,  San  Antonio, 

TX  78235). 

See  Current  Research  0235  for  description  of  this 
research.  (10/77-9/78) 

Supporting  Agency: U.S.  Dep.  Def.,  Air  Force 


0325  MICROWAVE  EFFECTS.  Tredici.  T.  J.  (U.S. 

Air  Force,  Sch.  Aerospace  Medicine. 
Brooks  Air  Force  Base,  San  Antonio,  TX  78235). 

See  Current  Research  0243  for  description  of  this 
research.  (10/77-9/78) 

Supporting  AgencytU.S.  Dep.  Def.,  Air  Force 


0327  EFFECTS  OF  MICROWAVE  RADIATION  ON  THE 
NERVOUS  SYSTEM.  Lovely.  R.  H.  (Univ. 
Washington  Sch.  Medicine,  500  17th  Ave..  Seattle, 
WA  98122) . 

See  Current  Research  0199  for  description  of  this 
research.  (11/77-6/78) 

Support  ing  Agency.'HEW,  PHS.  NIH,  Natl.  Inst.  Envi 
roivnental  Health  Sciences 


0328  NAVY  ENVIRONMENT;  NEUROPHYSIOLOGICAL  AND 

BEHAVIORAL  EFFECTS  DUE  TO  MICROWAVE  FIELDS. 
Lovely,  R.  H. ; Guy,  A.  W.  (Univ.  Washington,  Sch. 
Medicine,  500  17th  Ave.,  Seattle.  WA  98lh). 

See  Current  Research  0174  for  description  of  this 
research.  (10/77-9/78) 

Supporting  AgencytU.S.  Dep.  Def.,  Navy 


0329  LOW-LEVEL  MICROWAVE  RADIATION  EFFECTS  ON 
BEHAVIOR.  Thivnas,  J.  R.;  Yeandle.  S. 
(U.S.  Navy.  Behavioral  Sciences  Dept.,  Bethesda, 

MD  20014). 

Nc>  descriptive  Information  Is  available.  (10/77- 
9/78) 

Supporting  Agency: U.S.  Dep.  Oef.,  Navy 


0330  EXPERIMENTAL  RADIOTHERAPY  FOR  BRAIN  TUMORS 

USING  FOCUSSED  MICROWAVES.  Samaras.  G.  M. 
(Univ.  Maryland,  Sch.  Medicine,  Dept,  of  Radiology, 
1420  N.  Charles  St..  Baltimore,  MO  21201). 

Ns'  descriptive  information  Is  available.  (1/78-  12/78) 

Supporting  Agency :Amer lean  Cancer  Society.  Inc. 
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5'i't3  CLINICAL  EXPERIENCE  WITH  THE  ADJUVANT 

TREATMENT  OF  PSEUDOARTHROSIS  WITH  ELEC- 
TROMAGNETIC POTENTIALS.  (Ger. ) Wiendl,  H.  J. 
(Unfallchir.  Kllnik,  Allg.  Krankenhaus,  Untere  Sand- 
strasse  32,  8600  Bamberg,  W.  Germany):  Strigl,  M. 
Forteahr  Med  96(5):  231-236;  1978.  (20  refs) 

Twenty-two  patients  with  pseudoarthrosis  following 
fractures  of  the  limbs,  5 patients  who  underwent 
osteotomy,  and  1 patient  with  fresh  fracture  of 
the  lower  leg  received  postoperative  adjuvant  treat- 
ment with  alternating  electromagnetic  fields  accord- 
ing to  the  Kraus-Lechner  method  (300-500  mV,  cur- 
rent density  1-2  A/mm^  on  electrode  surface,  9-12 
Oe,  20-25  Hz;  2x  120  mln/day  for  6-10  wk)  in  addi- 
tion to  osteosynthesis.  All  patients  were  in  the 
age  bracket  17-70  yr.  Most  patients  were  hospital- 
ized during  the  treatment.  One  patient  died  of  un- 
related causes  before  evaluation  was  possible.  Com- 
plete consolidation  and  recovery  of  the  full  load- 
bearing  capacity  was  achieved  in  2-5  mo  in  all 
patients  with  pseudoarthros i s,  except  for  a 61-yr- 
old  patient  with  pseudoarthrosis  of  the  distal 
tibia  following  open  comminuted  fracture.  Follow- 
ing osteotomy,  the  consolidation  took  6-8  wk.  The 
cure  rate  was  higher  than  after  exclusive  osteo- 
synthesis, because  stable  osteosynthesis  was  impos- 
sible in  several  cases,  and  less  satisfactory  results 
had  been  achieved  in  some  pretreated  patients  with- 
out electromagnetic  therapy.  Subjective  and  ob- 
jective side-effects  and  complications  of  the 
electromagnetic  therapy  were  not  seen. 

5itit<i  METABOLISM  AND  DISTRIBUTION  IN  THE  ORGANS 
OF  IRON,  COPPER,  MOLYBDENUM,  MANGANESE 
AND  NICKEL  UNDER  THE  EFFECT  OF  ELECTROMAGNETIC 
FIELDS  OF  INDUSTRIAL  AND  SUPER-HIGH  FREQUENCY. 

(Rub.)  Gabovich,  R.  D.  (Dept.  General  Hygiene, 

Kiev  Medical  Inst.,  Kiev,  USSR);  MIkhaliuk,  I.  A. ; 
Koziarin,  I.  P. ; Shutenko,  0.  I.  Gig  Sanit  (7): 
26-33;  1977.  (10  refs) 

The  influence  of  electromagnetic  fields  on  the  ex- 
cretion and  distribution  of  copper,  molybdenum, 
iron,  and  manganese  was  studied  in  male  white 
WIstar  rats.  Exposure  to  50  Hz  field  with  poten- 
tials of  7,  12,  and  15  kV/m,  30  min/day  for  <4  mo 
caused  significant  reduction  of  the  copper  concen- 
tration and  an  Increase  of  the  iron  and  molybdenum 
concentrations  in  the  urine  and  feces.  The  copper 
content  decreased  significantly  in  the  liver  and 
increased  In  the  whole  body  and  in  all  other  organs 
examined  (kidneys,  spleen,  brain,  myocardium,  mus- 
cles, skin,  bones,  teeth,  and  blood).  The  molyb- 
denum level  decreased  in  the  whole  body  and  in  all 
organs  but  the  kidneys.  The  iron  levels  decreased 
in  the  whole  body,  in  the  liver,  bone  marrow,  and 
blood.  The  manganese  clearance  and  the  manganese 
levels  of  the  spleen,  brain,  myocardium  and  skin 
decreased  in  animals  exposed  to  7 and  12  kV/m  and 
increased  sharply  in  those  exposed  to  15  kV/m.  The 
manganese  level  decreased  in  the  bones  and  increased 
in  the  liver.  Similar  changes  were  observed  in 
other  groups  exposed  to  1-15  kV/m  fields  of  50  Hz 
for  2 hr/day  over  4 mo.  Other  groups  were  exposed 
to  high-frequency  fields  (2,370  MHz,  10-1,000 


pW/cm^,  8 hr/day  for  4 mo).  Exposure  to  such 
fields  caused  changes  in  the  distribution  of  all 
metals,  largely  similar  to  changes  seen  in  the 
above  groups;  the  copper,  manganese,  and  nickel 
levels  usually  decreased  in  the  urine  and  feces 
and  Increased  In  most  organs  and  In  the  whole  body, 
while  the  iron  clearance  Increased.  The  observed 
disturbances  in  the  turnover  of  the  metals  are  be- 
lieved to  play  a certain  role  In  the  adaptive  re- 
actions of  the  body  to  the  electromagnetic  field. 


5445  MECHANISMS  OF  THE  EFFECT  OF  STATIONARY 
MAGNETIC  FIELD  ON  INDUCED  CARCINOGENESIS. 

(Rue.)  Kogan,  A.  Kh.  (Dept.  Pathophysiology,  I. 

M.  Sechenov  First  Moscow  Medical  Inst.,  Moscow, 

USSR);  Kulitskala,  V.  I.  Ratal  Fiziol  Ekep  Ter 
(2):  63-68;  1977.  (38  refs) 

The  effect  of  permanent  exposure  to  stationary  magnet- 
ic field  (SMF,  350  ± 30  Oe,  gradient  75  Oe/cm)  on  sar- 
coma Induction  by  3,4-benzopyrene  (BP)  and  polyvinyl 
chloride  (PVC)  was  studied  in  outbred  male  rats. 

The  magnetic  field  was  applied  by  means  of  an  elec- 
trode implanted  under  the  skin  of  the  back;  carcin- 
ogens were  applied  to  the  Implanted  electrode.  Non- 
magnetic electrodes  with  applied  carcinogens  were 
used  on  the  controls.  Carcinogenesis  developed 
through  standard  stages,  but  the  SMF  increased 
the  latency  period  from  3 mo  3 wk  to  4 mo  2 wk  in 
the  group  treated  with  BP  (p<0.01)  and  from  12  mo 
to  13.5  mo  (p<0.05)  in  the  group  treated  with  PVC, 
and  accelerated  the  tumor  growth  (by  increasing  the 
tumor-to-body  weight  quotient  from  2%  to  5-2^ 

(p<0.05)  for  BP  and  from  8.281  to  11.5%  (p<0.05) 
for  PVC].  SMF  also  increased  the  frequency  of  less 
differentiated  (polymorphous-cell)  sarcomas  from 
29.4%  to  50%  for  BP  and  from  9.5%  to  19-5%  for  PVC. 
Animals  that  survived  the  minimal  latency  period 
(2  mo  3 wk  for  BP  and  7 mo  for  PVC)  were  21/23  for 
BP,  21/25  for  BP  + SMF,  17/50  for  PVC  and  13/46  for 
PVC  + SMF.  SMF  potentiated  the  peroxide  free-rad- 
ical oxidation  of  lipids  during  all  precancerous 
stages  of  the  tumor  development.  The  findings  indi- 
cate the  synergistic  effect  of  simultaneous  SMF  ex- 
posure on  chemical  carcinogenesis. 

5446  THE  REACTION  OF  THE  IMMUNE  SYSTEM  TO  THE 
COMBINED  ACTION  OF  CHEMICAL  AND  PHYSICAL 

ENVIRONMENTAL  FACTORS.  (Rue.)  Vinogradov,  G.  I. 

(A.  N.  Marzeev  Kiev  Scientific  Res.  Inst.  General 
Communal  Hygiene,  Kiev,  USSR).  Gig  Sanit  (10): 

28-31.  1977.  (6  refs) 

The  effect  of  electromagnetic  fields  (5  and  50 
pW/cm^  super-high  frequency,  7 hr/day  for  1 mo) 
before  or  after  exposure  to  formaldehyde  (0.038 
rag/m^,  7 hr/day  for  1 mo)  or  carbon  monoxide  (CO: 

3 mg/m^,  7 hr/day,  1 mo)  on  the  phagocytic  activity, 
serum  complement  titer,  complement-binding  antibody 
titer,  basophil  degranuiat ion,  and  neutrophil  Injury 
was  studied  in  guinea  pigs.  Formaldehyde  alone 
stimulated  phagocytosis  and  increased  the  serum 
complement  titer.  Previous  irradiation  attenuated 
the  immunologic  changes  caused  by  the  subsequent 
inhalation  of  formaldehyde.  CO  alone  increased 
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the  immune  reactivity.  Previous  exposure  to  micro- 
wave  radiation  protected  the  Immune  system  from 
the  effect  of  CO.  The  changes  caused  by  CO  In 
the  Immunologic  reactivity  were  eliminated  by  sub- 
sequent exposure  to  the  microwave  field  of  5 pW/cm^ , 
but  exposure  to  SO  pW/cm'^  had  a sensitizing  effect 
after  poisoning  with  CO.  The  findings  indicate 
that  the  combined  effect  of  the  chemical  and  phys- 
ical factors  Is  determined  by  the  character  and 
extent  of  the  sensitizing  action  of  the  separate 
factors. 


Shh?  HEMATOLOGICAL  EXAMINATIONS  ON  CHANGES 

CAUSED  BY  MICROWAVE  WARMING  OF  BLOOD. 

(Gur. ) Kaegi,  P.  (Abtellung  Hamatologle,  Kantons- 
spital,  Universitat  Zurich,  Ramistrasse  100,  CH-8091 
Zurich,  Switzerland);  Rueegg,  R.;  Straub,  P.  W. ; 
Hossll,  G.  Infua  ions  then  Klin  Emaohn  (4):  28S- 
289;  1977.  (II  refs) 

The  effect  of  microwave  warming  on  37  hematologic 
parameters  was  studied  on  donor  blood  to  be  used 
for  transfusion.  The  blood  samples  were  warmed  by 
means  of  a "Haemotherm"  apparatus  with  a microwave 
generator  (hOO  W,  frequency  2,1*50  ± 50  MHz).  The 
samples  were  warmed  from  11.7  t 2.6  C to  31.9  t 
2.0  C in  75  t 22  sec.  Each  characteristic  was  de- 
termined In  5-8  samples.  Microwave  warming  caused 
significant  changes  In  throe  parameters  only:  82.6lit 
increase  of  the  free  hemoglobin  level  (pwO.Ol)  In 
fresh  blood  samples,  increase  In  the  moan  hemoglo- 
bin concentration  of  the  erythrocytes  (p<0.05),  and 
reduction  of  the  partial  thromboplastin  time 
(p<0.05)  In  samples  stored  for  9-10  days  prior  to 
warming.  The  erythrocyte  survival  time  was  26  days 
before  warming  and  27  days  after  warming  (normal 
range  27  t 3 days).  The  findings  Indicate  the 
absence  of  serious  hematologic  alterations  due  to 
microwave  warming. 

561*8  DETECTION  OF  BREAST  CANCER  BY  MICROWAVE 
RADIOMETRY.  (Eng.)  Barrett,  A.  H. 

(Dept.  Physics  and  Res.  Lab.  Electronics,  Massachu- 
setts Inst.  Technology,  Cambridge,  MA  02139); 

Myers,  P.  C.;  Sadowsky,  N.  L.  Radio  Sai  I2(6S): 
167-171;  1977.  (8  refs) 

A microwave  radiometer  (3-3  GHz)  with  a dlelectrlc- 
fllled  waveguide  antenna  was  used  to  map  thermal 
radiation  from  the  human  body  In  an  effort  to  de- 
tect 26  patients  with  biopsy-proven  breast  cancer 
among  2,000  patients  examined  with  the  technique. 
True  positive  and  true  negative  rates  of  detection 
In  excess  of  70?;  were  found.  These  rates  were 
comparable  with  those  obtained  by  Infrared  ther- 
mography but  were  Inferior  to  xeromammographic  rates 
of  detection  for  the  same  set  of  patients.  When 
the  results  of  microwave  radiometric  and  Infrared 
thermographic  data  were  combined  for  the  26  breast 
cancer  patients,  the  true  positive  detection  rate 
became  96%,  which  was  comparable  to  the  true  posi- 
tive detection  rate  of  89%  for  mammography  alone. 
Although  the  true  negative  rate  of  detection  for 
the  combination  of  radtometry  and  thermography  was 
less  than  70%  and  therefore  inferior  to  the  true 
negative  detection  rate  of  92%  for  mammography 


alone,  the  lower  true  negative  rate  for  this  combin- 
ation should  not  be  objectionable  for  screening 
patients  If  the  true  positive  rate  Is  high  and  If 
xeromammography  Is  used  for  followup. 

5669  NEW  ARTIFACT-FREE  ELECTRODES  FOR  RECORDING 
OF  BIOLOGICAL  POTENTIALS  IN  STRONG  ELEC- 
TROMAGNETIC FIELDS.  (Eng.)  Tyazhelov,  V.  V. 

(Inst.  Biological  Physics,  Acad.  Sciences  Union 
Soviet  Socialist  Republics,  Pushchino,  Moscow  Re- 
gion, USSR);  TIgranian,  R.  E. ; Khlzhnlak,  E.  P. 

Radio  Soi  12(6S);  121-123;  '977.  (6  refs) 

The  design  of  artifact-free  electrodes  for  recording 
biologic  potentials  in  strong  electromagnetic  fields 
Is  reported.  Electrodes  of  high  linear  resistance 
(>I00  kohms/m)  were  designed  to  minimize  diffrac- 
tive problems  and  control  for  artifactual  stimula- 
tion by  eliminating  spurious  currents  at  the  junc- 
tion between  the  electrode  tip  and  the  biologic 
preparation.  Proper  filtration  was  used  to  prevent 
contamination  of  amplifier-recording  circuits  by 
demodulation  artifacts.  In  one  experiment  on  a 
phantom  preparation,  the  Implanted  electrode  was 
a glass  rod  (0.5  mm  In  diameter  and  30  mm  In  length) 
with  a platinum  film.  The  connecting  electrode  was 
a tube  (6  mm  In  diameter  and  1 m in  length)  filled 
with  Ringer's  solution.  The  frequency  of  Irrad- 
iation was  0.8  GHz,  and  the  carrier  was  sinusoidally 
modulated  at  50  Hz  (80%  modulation).  The  strength 
of  the  E field  at  the  electrode  extended  to  3 kV/m. 
Positioning  of  an  electrode  was  random  with  respect 
to  the  E-fleld  vector.  No  artifact  from  demodula- 
tion of  the  carrier  was  observed,  and  variations 
of  field  strength  near  loci  where  the  electrodes 
were  In  contact  with  the  phantom  preparation  were 
no  greater  than  3dB.  These  results  Indicate  that 
simple  artifact-free  electrodes  can  be  designed  for 
recording  bioelectric  potentials  of  animals  during 
exposure  to  Intense  electromagnetic  fields. 


5650  A METHOD  FOR  EXPOSING  CELL  CULTURES  TO 
ELECTROMAGNETIC  FIELDS  UNDER  CONTROLLED 
CONDITIONS  OF  TEMPERATURE  AND  FIELD  STRENGTH.  (Eng.) 
Guy,  A.  W.  (Bioelectromagnetics  Res.  Lab.,  Dept. 
Rehabilitation  Medicine,  Univ.  Washington  Sch. 
Medicine,  Seattle,  WA  98195).  Radio  Soi  12(6S):  87- 
96;  1977.  (9  refs) 

A system  for  exposing  cell  cultures  to  broadband 
electromagnetic  energy  under  controlled  conditions  of 
field  strength  and  temperature  Is  described,  which 
Is  useful  for  determining  whether  effects  observed 
In  In  vitro  biologic  specimens  are  athermal  or 
thermal  In  nature.  The  system  can  produce  reason- 
ably uniform  electric  field  strengths  up  to  100  V/cm 
In  a 5-ml  sample.  It  has  a continuously  control- 
lable Input  power  to  600  W and  a frequency  range 
from  direct  current  to  100  MHz  and  beyond.  Control 
of  the  sample's  temperature  over  a wide  range  Is 
achieved  by  the  use  of  a hlgh-rate  circulating- 
liquid  heat  exchanger;  the  cooling  capacity  Is 
sufficient  to  maintain  one  of  a wide  range  of 
steady-state  temperatures  during  exposure  of  the 
sample  to  a continuous  wave  field  strength  In  ex- 
cess of  20  V/cm.  Accurate  monitoring  of  the  sample's 


UnyhittL^  f fftt'tt  of  NooMOUHfn 
ffoilistnttt  tt(4l  JiHto  19^ 


CURRENT  LITERATURE 


tempvrstur*  «t  frcquancles  below  100  MNx  Is  achieved 
during  exposures  by  on'llne  measurement  of  feedline 
Impedance.  Nnnperturblng  thermal  measurement  of 
the  sample  can  be  made  at  all  frequencies  by  a 
Teflon- Insulated  sensor  of  special  design.  Data 
obtained  fur  a 20-min  sample  exposure  of  a culture 
of  mesothermal  cells  to  30.0  RHi  at  a field  strength 
of  20-22  V/cm  show  that  the  average  rate  of 
energy  absorption  is  35  W,  and  the  temperature  of 
the  sample  Is  Increased  approximately  33  C above 
the  coolant  temperature  due  to  the  heating  of  the 
culture  by  the  electromagnetic  fields.  The  spe- 
cific absorption  rate  for  this  case  exceeded  by 
two  orders  of  magnitude  that  normally  produced  In 
typical  In  vivo  exposures.  The  system  provides  a 
means  for  exposing  living  mesothermal  cells  to 
field  levels  far  In  excess  of  that  which  could  be 
applied  to  mesotherms  but  at  a temperature  not 
exceeding  the  normal  range.  Therefore,  the  flex- 
ibility of  the  system  In  controlled  experiments 
fur  assessing  athermal  effects  Is  demonstrated. 


5h51  RADIO-FREQUENCY  RADIATION  LEVELS  IN 

URBAN  AREAS.  CPni;.  I Janes,  0.  E.  (Of- 
fice Radiation  Programs,  U,  S.  Environmental  Pro- 
tection Agency,  9100  Brookville  Road,  Silver  Spring, 
MD  20910):  Tell,  R.  A.:  Athey,  T.  W.  ; Hankin,  N. 

N.  I2(6S):  lt9-56;  1977.  (18  refs) 

Data  on  environmental  levels  of  radio-frequency 
energy  obtained  for  Atlanta,  Boston,  Miami,  and 
Philadelphia  (15-30  sample  sites  each)  are  pre- 
sented. NeJian  power  densities  measured  at  a 
sampling  antenna  height  of  6.1)  m above  ground  at 
these  locations  wore  2.8  x lo’*  iiW/cm^  for  two 
land-mobile  bands  (150  and  1)50  MHz),  1.7  x 10  ^ 
uW/cm^  for  low  very-high-frequency  (VHF)  television 
hand  (56-88  MHi),  2.1  X 10"'  pW/cm''  for  the  ultra- 
high-frequency  television  band  (670-890  MHz),  2.9 
X 10"^  pW/cm‘  for  the  high  VHF  television  band 
(176-216  MHz),  and  1.3  x 10'^  wW/cm'  for  the  fre- 
quency-modulated radio  broadcast  band  (88-108  MHz). 
Frequency-modulated  radio  broadcast  bands  contribute 
the  most,  and  the  land  mobile  bands  the  least,  to 
environmental  radio  frequency  energy  levels  between 
56  and  900  MHz.  Power  density  values  of  the  stand- 
ard amplitude-modulated  broadcast  band  were  not  In- 
cluded In  this  analysis  since  current  United  States 
exposure  standards  do  not  apply  to  frequencies  be- 
low 10  MHz.  The  maximum  power  density  at  any  site 
summed  over  all  bands  was  2.5  pW/cm^.  Four  sites 
fell  within  the  range  of  1-2.5  pW/cm^  so  that  some 
members  of  the  population  are  exposed  to  power  den- 
sities In  excess  of  I pW/cm^ , a value  that  has 
been  recommended  as  an  exposure  standard  for  the 
general  population  In  the  USSR.  Differences  In 
power  density  levels  between  the  different  metro- 
politan areas  have  not  yet  been  assessed. 


5652  EVALUATION  OF  AN  IMPLANTABLE  ELECTRIC- 
FIELD  PROBE  WITHIN  FINITE  SIMULATED 
TISSUES.  ) Bassen,  H.  (Bureau  Radiological 

Health,  Food  and  Drug  Admin.,  12721  Twinbrook 
Parkway,  Rockville,  MD  20852);  Herchanroeder,  P. ; 
Cheunq,  A.;  Neuder,  S.  .‘L’t  I2(6S);  15-25: 

1977.  (II  refs) 


The  feasibility  of  producing  an  Internal  electric 
field  probe  for  direct  In  vivo  electric  field  mea- 
surement was  Investigated  by  using  a set  of  minia- 
ture Isotropic  probes  to  map  electric  fields  with- 
in two  small  spheres  of  simulated  muscle  tissue 
(3.3  cm  and  8 cm  radii)  that  were  Irradiated  by 
650- , 9I5-,  and  2,650-MHz  plane  waves.  A relatively 
accurate  Implantable  electric  field  probe  was  pro- 
duced for  use  at  Frequencies  near  2,650  MHz.  By 
using  a 3-mm  dipole  with  an  integral,  beam-lead, 
diode  chip  detector,  a degree  of  Independence  of 
the  absolute  calibration  with  respect  to  effects 
of  the  dielectric  constant  of  the  medium  was 
achieved.  Accuracies  within  2. 5-6. 5 dB  of  theo- 
retically predicted  values  were  obtained  at  2,650 
MHz  using  only  a free-space  calibration  and  a 
suitable  dipole  Insulation  thickness.  At  lower 
frequencies  a significant  amount  of  media  depend- 
ence occurred  due  to  the  higher  antenna  Impedance 
and  the  high  leakage  current  of  the  diode.  How- 
ever, even  at  the  lowest  frequency  (65O  MHz)  a 
lack  of  boundary  effects  was  observed.  The  shape 
of  the  spatial  distribution  of  electric  fields 
within  the  muscle-equivalent  spheres  agreed  well 
with  theoretically  predicted  values,  even  within 
a few  millimeters  of  the  boundary  at  all  of  the 
tested  frequencies.  For  operational  use  of  the 
probe,  an  Implantation  calibration  factor  can  be 
assigned  for  a specific  frequency.  Using  this 
approach,  the  uncertainty  of  the  measurement  for  a 
wide  range  of  biologic  media  can  be  minimized  to 
less  than  2.5  dB  at  2,650  MHz.  The  In  vivo  mea- 
surement capability  of  the  probe  was  demonstrated 
In  an  Implantation  experiment  In  a cat's  brain. 
Smaller  probe  size  and  flexible  signal  leads  are 
required,  however.  For  improved  biologic  suitability 
and  Increased  accuracy  In  complex  dielectric  media. 

5653  MEASUREMENT  OF  MICROWAVE  RADIATION  AB- 
SORBED BY  BIOLOGICAL  SYSTEMS,  2,  ANALYSIS 
BY  OEWAR-FLASK  CALORIMETRY.  (kYig.)  Blackman,  C. 

F.  (Health  Effects  Res.  Lab.,  U.  S.  Environmental 
Protection  Agency,  Research  Triangle  Park,  NC  27711) 
Black,  J.  A.  ROiHo  Soi  I2(6S):  9-16;  1977.  (11 

refs) 

A Dewar  flask  calorimetric  system  was  used  to  mea- 
sure absorbed  microwave  energy  In  a standard  tissue 
culture  flask  and  In  bodies  of  dead  Chinese  hamsters 
At  microwave  frequencies  of  2.65  GHz  and  1.0  GHz 
and  power  densities  of  50  and  100  mW/cm'" , measure- 
nwnts  of  absorbed  microwave  energy  In  the  tissue 
culture  flask  made  with  the  calorimetric  system 
were  In  good  agreement  with  those  obtained  by 
electrical  measurements,  direct  temperature  measure- 
ments, and  by  heating  and  cooling  curves.  The  abil- 
ity of  the  calorimetric  system  to  measure  accurately 
cixnposite  specific  heat  and  averaged  absorbed  ener- 
gy fur  bodies  of  dead  Chl.tese  hamsters  exposed  to 
100  mW/cm*  of  2.65-OHz  plane  waves  was  also  demon- 
strated. Good  agreement  was  apparent  for  the  mea- 
siirenwnt  of  composite  specific  heat  of  dead  Chinese 
hamster  bodies  when  compared  to  the  value  reported 
for  white  mice.  Overall,  the  Dewar  flask  calor- 
Invtrlc  system  was  demonstrated  to  be  an  accurate 
and  widely  applicable  method  for  determining  aver- 
aged rates  of  energy  absorption  In  biological  stud- 
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les  of  elect romaqnetic  radiation.  Ita  application 
Is  limited  by  the  Inability  of  the  user  to  measure 
small  Increments  of  temperature  and  by  power  Input 
which  must  bo  fairly  high.  The  method  does  not 
provide  Information  on  the  distribution  of  energy 
deposition  within  a sample  and  may  distort  results 
to  the  extent  that  dead  animals  do  not  simulate 
live  ones.  In  spite  of  these  I Iml  tat  l■'ns,  the 
method  is  considered  a viable  accompaniment  to 
measurements  of  power  density  In  many  laboratories. 


Sits'*  EFFECT  OF  ELECTRICAL  FIELD  OF  INDUSTRIAL 
FREQUENCY  ON  SPERHATOGENES I S . flue. I 
Andrienko,  L.  G.  (A.  N.  harteev  Kiev  Scientific 
Res.  Inst.  General  Communal  Hygiene,  Kiev,  USSR); 
Dumanskll,  lu.  D. : Rudichenko,  V.  F. ; Heleshko,  G. 

I.  V'ts.oh  Pelo  (9):  II6-II8;  1977.  (II  refs) 

The  effects  of  electrical  field  (SO  Hz,  S kV/m, 
round-the-clock  exposure  for  l.k-A.S  mo)  on  the 
testicles  of  adult  male  outbred  rats  were  studied. 
Unexposed  animals  served  as  control.  The  exposure 
caused  significant  reduction  of  spermatozoa  in 
the  cell  suspension  prepared  from  one  testicle  after 
3.S  mo  exposure  (from  56,000, 000/ml  In  the  control 
to  AO, 000, 000/m I , p<0.05)  to  the  same  reduced  level 
In  animals  exposed  for  A.S  mo.  The  percentage  of 
dead  spermatozoa  In  animals  exposed  for  }.S  mo  was 
kft.kt  vs.  23*  In  the  control  (p<0.05).  Exposure 
for  I . S mo  caused  an  Increase  In  the  percentage  of 
atypical  spermatozoa  from  15.9%  In  the  control  to 
30. 7t  (p<0.0l).  Significant  reduction  of  the  rate 
of  phosphorylation  of  adenosine  diphosphate  was 
observed  In  the  mitochondria  of  the  testicles  after 
exposure  for  3.5  mo  (p-'O.OOl).  Reduction  of  the 
phosphorylat Ing  respiration  was  also  observed  after 
exposure  for  A. 5 mo,  while  the  adenosine  diphos- 
phate ratio  remained  unchanged.  The  findings  Indi- 
cate that  the  damaging  effect  of  electrical  field 
on  the  testicular  mitochondria  is  due  to  disturb- 
ances caused  In  the  testicular  circulation. 

SA55  HEASUREHENT  OF  HICROUAVE  RADIATION  AB- 
SORBED BY  BIOLOGICAL  SYSTEMS,  I,  ANALYSIS 
OF  HEATING  AND  COOLING  DATA.  (Emu)  Allis,  J.  W. 
(Health  Effects  Lab.,  U.  S.  Environmental  Protec- 
tion Agency,  Research  Triangle  Park,  NC  27711); 
Blackman,  C.  F.;  Fromme,  H.  L.;  Benane,  S.  G.  Radio 
An  I2(6S);  1-8;  1977.  (2A  refs) 

An  analytic  method  for  determining  microwave  energy 
absorption  by  fully  utilizing  data  from  heating  and 
cooling  curves  was  demonstrated  for  In  vitro  samples 
In  two  different  exposure  systems.  Far  field  ex- 
posures were  conducted  at  2,A50  NNz  continuous  wave 
microwave  radiation  In  an  anecholc  room  using  AO 
ml  of  0.15  molar  potassium  chloride  (KCI)  solution 
in  a plastic  tissue  culture  flask  as  the  sample. 

The  second  exposure  system  Involved  a waveguide 
transmisslon-l Ine  system  that  was  mounted  In  the 
sample  compartment  of  a double-beam  ultraviolet- 
visible  spectrophotometer.  In  this  case,  the  sam- 
ple consisted  of  3 ml  of  0.02  molar  KCI  solution 
contstned  In  a iundard  I -cm’  cross-section  spec- 
trophotometer cell.  Data  obtained  for  the  far- 
fleld  exposure  were  In  excellent  agreement  with 


those  obtained  by  using  a simple  calorimetric  meth- 
od. For  exposures  in  the  waveguide  system,  the 
measured  absorbed  microwave  dose  was  found  to  apply 
only  to  a limited  portion  of  the  sample  In  the 
region  near  the  probe.  In  contrast  to  calorimetry, 
the  heat Ing/ coo I Ing  curve  method  does  not  reguire 
calibration.  Perhaps  the  greatest  advantage  of  the 
method  Is  that  data  from  the  entire  curve  are  used 
to  estimate  the  rate  of  energy  absorption,  and 
therefore  no  approximations  are  Involved.  A limi- 
tation of  the  method  for  both  In  vitro  and  In  vivo 
experiments  is  that  unless  there  is  uniform  energy 
deposition  within  the  sample  the  energy  absorption 
value  obtained  will  depend  on  where  the  probe  Is 
placed.  The  analysis  of  heating  and  cooling  curves 
Is  particularly  difficult  to  apply  to  In  vivo  ex- 
periments because  living  animals  often  regulate 
their  body  temperature.  A potential  disadvantage 
of  the  method  Is  that  Increases  In  temperature  of 
at  least  2 or  3 C are  needed  to  obtain  reliable 
heating  and  cooling  data, 

SA56  CHANGES  IN  CERTAIN  INDICES  OF  METABOLISM 
DUE  TO  RADIOFREQUENCY  WAVES  OF  NONTHERMAL 
INTENSITY.  (Kua.)  Demokidova,  N.  K.  (Scientific 
Res.  Inst.  Industrial  Hygiene  Occupational  Diseases, 
USSR  Acad,  Medical  Sciences,  Moscow,  USSR).  (Tip 
Amit  (7):  3A-38;  1977.  (16  refs) 

The  effect  of  long-term  exposure  to  low- IntensI ty 
radiofrequency  fields  (69.7  MHz,  150  V/m,  I hr/day 
for  3 mo;  IA.88  MHz,  70  V/m,  A hr/day  for  over  6 
n»)  on  certain  metabolic  Indices  and  on  the  thyroid, 
hypophyseal  and  adrenal  functions  was  studied  In 
96  adult  male  rats.  Exposure  to  the  high-frequency 
field  caused  a significant  decrease  In  the  relative 
weight  of  the  adrenal  glands  from  16. A mg%  In  the 
control  to  IA.5  mg%  (p-O.OI),  a decrease  In  the 
reticular  zone  of  the  adrenal  cortex  (from  2.32  mm 
to  1.6  mm’;  p-0.05),  a significant  Increase  in  the 
height  of  the  follicular  epithelium  of  the  thyroid 
gland  (from  9-9  to  12.3  u,  p-O.OS),  and  an  Increase 
of  Che  surface  area  of  the  medulla  of  the  adrenal 
gland  (from  0.6  to  0.96  mm’,  px0,02)  at  the  end  of 
the  exposure.  Sharp  increase  In  the  excretion  of 
water,  nitrogen,  and  electrolytes  In  the  urine  was 
observed  at  the  end  of  the  exposure  but  reduced 
diuresis  and  Na/K  ratio  of  the  urine  was  seen  after 
exposure  for  2 wk.  The  weights  of  the  hypophysis 
and  adrenal  gland  were  Increased  significantly  after 
exposure  for  I mo.  Similar,  but  less  marked  changes, 
were  seen  In  the  animals  irradiated  at  the  lower 
frequency.  The  findings  Indicate  that  the  radio- 
frequency  field  Increased  the  adrenocortical  ac- 
tivity. The  observed  changes  In  diuresis  and  elec- 
trolyte excretion  under  the  effect  of  radiofrequency 
fields  appear  to  be  mediated  hormonally  and  are  the 
specific  manifestations  of  the  unspecific  stress 
effect  of  radiowaves. 


5AS7  the  use  of  short-wave  diathermy  and  ULTRA- 
SOUNDS IN  TREATMENT  OF  PUERPERAL  MASTITIS. 
il\'l.)  Olecha,  S.  (Zaklad  FIzJoterapll  Szpitala 
Blelansklego,  ul . Ceglowska  80,  01-809  Warsaw, 
Poland).  Wi.ui  l^K  30(19):  1505-1508;  1977.  (26 

refs) 
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Conblnad  short-wave  diathermy  (15  mln/day)  and  ul- 
trasound treatment  (10  mln/day)  was  given  to  2*46 
women  with  puerperal  mastitis.  The  patients  were 
In  the  age  bracket  17-lt2  yr.  There  were  98  pa- 
tients with  bilateral  mastitis.  The  duration  of 
treatment  was  J-6  days  In  I2li  cases,  7-12  days  In 
86,  and  13-22  days  In  38.  Complete  cure  was 
achieved  In  85.37t  of  the  patients  and  considerable 
Improvement  In  6.5t.  Poor  results  were  obtained 
In  1.213,  no  Improvement  In  and  the  thera- 

peutic result  was  unknown  In  2.853.  Six  patients 
developed  recurrences  that  disappeared  after  a 
second  course  of  treatment.  The  findings  Indicate 
that  combined  treatment  with  diathermy  and  ultra- 
sound should  be  used  more  extensively  In  patients 
with  puerperal  mastitis. 


5<I58  EFFECT  OF  AIR-ELECTRIC  FIELDS  ON  DRIVING 

AND  REACTION  PATTERNS.  TEST  SUBJECTS  IN 
THE  CAR  DRIVING  SIHULATOR.  (lA’C. ) Anselm,  D. 

(Al I iant-Zantrum  fur  Technik  GmbH,  Krausstrasse  lA, 
0-8065  Ismaning,  W.  Germany);  Danner,  H.  ; KIrmaler, 
N. ; Koenig,  H.  L. ; Hue  I ler-L Immroth , W. ; Reis,  A.; 
Schauerte,  W.  .Hunoh  Mail  IAxi)iu>i«L»hi’  119(23);  813- 
8l6;  1977.  (17  refs) 

The  Influence  of  artificial  atmospheric  electrical 
fields  (generated  by  -fl.OOO  V on  the  sun  visor  and 
20  V on  the  automobile  body,  10  Hz)  on  the  driving 
and  reaction  pattern  was  studied  In  68  test  persons, 
aged  16-56  yr.  In  a double-blind  test  In  a driving 
slmula^-^r  with  optic  display.  The  electrical  field 
had  practically  no  Influence  on  Che  reaction  time; 
the  observed  Increase  by  23  was  Insignificant.  The 
electrical  field  Improved  the  driving  behavior 
(Improved  the  concentration  and  reduced  the  fre- 
quency of  driving  errors,  such  as,  violations  of 
traffic  rules)  by  8-103,  especially  In  labile  test 
persons.  The  difference  from  the  driving  tests 
without  electrical  field  is  not  significant.  The 
findings  Indicate  that  the  electric  field  has  no 
unfavorable  effect  on  the  driving  pattern. 

5659  FOCAL  HYPERTHERHIA  AS  INDUCED  BY  RF  RAD- 
IATION OF  SIHULACRA  WITH  EHBEODED  TUHORS 
AND  AS  INDUCED  BY  EH  FIELDS  IN  A HODEL  OF  A HUHAN 
BODY.  {Stiff.)  Chen,  K.-H.  (Dept.  Electrical  Engi- 
neering and  Systems  Science,  Hichlgan  State  Univ., 
East  Lansing,  HI  68826).  Guru,  B.  S.  Radio  Soi 
I2(6S):  27-37;  1977.  (10  refs) 

In  the  first  of  two  studies,  distributions  of  rates 
of  elactroiaagnetlc  (Eft)  energy  absorption  were  ob- 
served In  simulated  biologic  bodies  with  embedded 
tumors  In  an  attempt  to  discover  effective  means 
of  Inducing  hyperthermia  by  high  frequency  and  very 
high  frequency  EH  fields  In  tumors.  Part-  and 
whole-body  simulacra  Irradiated  by  EH  fields  (max- 
imum of  I V/m)  ranging  In  frequency  from  15-500 
HNz  exhibited  differentially  greater  heating  of 
tumors,  and  a reduction  of  the  tumor  conductivity 
resulted  In  an  anhancament  of  the  selective  tumor 
heating  affect.  In  a second  study,  a modal  of  a 
man  Irradiated  with  an  Incident  electric  field  of 
I V/m  over  a frequency  range  of  1-500  HHi  was  ax- 
amined.  Greater  rates  of  energy  absorption  oc- 
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curred  In  regions  of  smaller  cross  section  and  In 
tissues  with  lower  conductivities.  When  the  Inci- 
dent EH  field  was  vertically  polarized,  a major 
resonance  was  observed  at  about  60  HHz,  and  weaker 
resonances  occurred  at  160  and  260  HHz.  For  the 
case  of  horizontal  polarizat Ion,  only  a single 
weak  resonant  peak  was  observed  near  200  HHz.  Over- 
all, the  general  distribution  of  specific  absorption 
rates  (SAR)  of  energy  compared  very  well  with  other 
experimental  results  based  on  a 31-MHz  field.  How- 
ever, the  absolute  values  of  the  SARs  deviated  by 
a factor  of  four  to  five  between  theory  and  exper- 
iment. The  source  of  the  deviation  Is  not  known 
at  present. 


5660  STIHULATION  OF  THE  ADRENAL  AXIS  IN  THE 
HICROWAVE  EXPOSED  RAT.  (h'ltff.)  Lotz,  W. 

G.  (Ph.D.  dissertation,  UnIv.  Rochester,  1978); 

138  pp.  [available  from  Xerox  Univ.  Hicrofllms. 

^nn  Arbor,  HI  68IO8,  Order  No.  77-25,571)  (123  refs) 

Plasma  corticosterone  (PC)  levels  were  used  as  an 
Indicator  of  adrenal  axis  function  to  determine  the 
physiologic  mechanism  of  the  adrenocortical  response 
in  rats  to  acute  continuous  wave  microwave  (2,650 
HHz)  exposure.  Rats  were  exposed  In  the  far  field 
of  a horn  antenna  for  30  or  80  min  at  power  densi- 
ties of  0.  13.  20,  30,  60,  50,  or  80  mW/cm^  or  for 
120  min  at  0,  13,  20,  30,  or  60  HW/cm^.  The  average 
energy  absorption  rate  of  exposed  rats  was  0.16  W/ 
kg  absorbed  per  mW/cm^  Incident  power.  The  PC  lev- 
els exhibited  a threshold  pattern  of  response.  For 
JO-  or  60-mln  exposures,  no  significant  Increase 
over  control  levels  was  observed  below  exposures  of 
50  mW/cm‘.  For  120-mln  exposures,  PC  levels  were 
significantly  Increased  at  20,  30,  and  60  mW/cm^. 

For  all  throe  exposure  durations,  a strong  corre- 
lation was  evident  between  mean  colonic  temperature 
and  mean  PC  levels.  The  PC  levels  In  acutely  hypo- 
physectomlzed  rats  exposed  to  60  mW/cm^  for  60-mln 
were  below  control  levels.  When  other  rats  were 
pretreated  with  dexamethasone  (OEX)  before  being 
exposed  to  50  mW/cm^  for  60  min,  the  corticosterone 
response  to  microwave  exposure  was  completely  sup- 
pressed by  3.2  ;ig  DEX/IOO  g body  weight.  These  re- 
sults Indicate  that  the  microwave- Induced  cortico- 
sterone response  observed  In  normal  Intact  rats  Is 
dependent  on  adrenocorticotropic  hormone  secretion 
by  the  pituitary;  that  Is,  the  adrenal  gland  is 
not  stimulated  primarily  by  microwave  exposure. 

The  evidence  obtained  In  these  experiments  is  con- 
sistent with  the  hypothesis  that  the  stimulation 
of  the  adrenal  axis  In  microwave-exposed  rats  Is 
a systemic.  Integrative  process  due  to  a general 
hyperthermia.  These  results  suggest  that  adreno- 
cortical function  may  be  a sensitive  quantifiable 
Indicator  of  the  physiologic  compensation  required 
of  an  animal  exposed  to  microwaves. 

5661  THE  EFFECTS  OF  HIGH  VOLTAGE  TRANSHISS  ION 
LINES  ON  HONEYBEES:  A FEASIBILITY  STUDY. 

(hVi,/.  I Greenberg,  B.  (Bloconcern,  Inc.,  1663  fast 
S5th  Place,  Chicago,  IL  60637).  63  pp.;  1977. 

[available  through  Electric  Power  Research  Institute, 
3612  Hlllvlew  Ave.,  Palo  Alto,  CA  96306.  Publication 
EPRI  EA-689).  (31  refs) 
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Mothodology  for  th^  I nves t I qat Ion  of  the  effects  of 
electric  fields  generated  hy  hlqh-tonslon  |K>wer  lines 
on  honeybees  (Dadant's  I ta I lan-St ar I Ine  variety)  Is 
described.  Prellmlnar"  rk  has  established  an  ex* 
perlinental  site  under  > -kV  transmission  line  and 
a control  site  nearby.  Ine  E field  strength  ranges 
from  7.0-7. 1 kV/m  under  the  76S-k\/  line  at  the  ex- 
perimental site  and  from  10-11  V/m  at  the  control 
site.  Parameters  to  bo  measured  Include  colony  pop- 
ulation, honey  stores,  the  anxsunt  of  acoustical 
nvslsc  generated  by  bees,  In-hive  temperature.  Inci- 
dence of  queen  cell  production,  and  tendency  to 
swarm.  Accompanying  dosimetric  support  Includes 
In-hive  electric  field  measurements,  the  development 
of  shielding  to  eliminate  the  electric  field  from 
selected  colonies,  an  analysis  of  the  acoustical  data, 
and  periodic  checks  on  the  timblent  electric  field 
present  under  the  line  and  at  the  control  site. 


s‘<62  the  properties  of  bird  feathers  as  piezo- 
electric TRANSDUCERS  AND  AS  RECEPTORS  OF 
MICROWAVE  RADIATION.  ,1  BIgu  del  Blanco,  J. 

(Anatomy  Dept.,  Queen's  Univ.,  Kingston,  Ontario 
K7L  3N6,  Canada);  Romero  Sterra,  C. 

57(8/9):  532-536;  1977.  (21  refs) 

The  properties  of  bird  feathers  as  dielectric  re- 
ceptors of  mlcrow.ive  radiation  were  Investigated 
Radiation  pattern  measurements  were  conducted  using 
the  calamus  of  feathers  from  the  Canadian  goose  as  a 
receiving  aerial  for  a 16-GHi  microwave  signal  (In- 
ternally mcrdulated  by  a l-kHt  square  wave)  generated 
by  a klystron  tube  of  250  mW  total  jiower  output. 

The  length,  diameter,  and  wall  thickness  of  the  re- 
ceiving specimen  were  6.95,  0.lt3,  and  0.32  times  the 
operating  free-space  wavelength.  The  receiving  sys- 
tem consisted  of  a section  of  rectangular  waveguide 
to  which  the  feather  was  directly  coupled  by  a tight 
fitting  elliptical  aperture.  The  waveguide  with  the 
elliptical  aperture  acted  as  a prinwry  transducer. 

A substantial  Increase  In  the  (lower  received  In  the 
forward  direction  along  with  a decrease  In  radiation 
pattern  beam  width  occurred  when  the  feather  was  In 
place.  The  power  collected  by  the  feather  plus  the 
primary  transducer  was  slightly  larger  than  twice 
the  power  collected  by  the  primary  transducer  alone, 
and  the  radiation  pattern  beam  width  was  reduced  by 
about  LTJ.  It  also  at'peared  possible  to  Induce 
piezoelectric  effects  In  feathers  hy  audiofrequency- 
pulsed  microwave  radiation. 

5463  THE  PROFERTIfS  OF  BIRO  FEATHERS  AS  CON- 

VERSE PIEZOELECTRIC  TRANSDUCERS  AND  AS 
RECEPTORS  OF  MICROWAVE  RADIATION.  II.  BIRD  FEATHERS 
AS  DIELECTRIC  RECEPTORS  OF  MICROWAVE  RADIATION.  I 

BIgu-del -Bl anco,  J.  (Anatomy  Dept.,  Queen's  Unlv,, 
Kingston,  Ontario,  Canada);  Risnero-Slerra,  C.  }>U'- 
fafimwfn/  2:  354-364;  1975.  (13  refs) 

The  characterlst Ics  of  bird  feathers  as  dielectric 
receptors  of  microwave  radiation  (10  and  16  GHz) 
were  Investigated.  A standard  rectangular  wave- 
guide, acting  as  a primary  antenna  was  used  as  the 
receiving  system  for  10-  or  I6-6HZ  microwave  signals 
(internally  modulated  by  a l-kHz  square  wove)  qen- 
erated  hy  a klystron  tube  with  a total  output  power 


of  250  mW.  The  fe,ithei  was  directly  coupled  to  the 
antenna  via  an  elll(itlcal  aperture  Into  which  the 
calamus  fitted  tightly.  Wlien  the  feather  w.is  In 
place,  a substantial  Increase  (two  to  three  times) 

In  total  power  reception  In  the  loiward  direction 
along  with  a 20-50'Z  decrease  In  half-(niwer  be.im 
width  was  observed.  These  changes  In  reception  were 
prc'bably  due  to  microwave  field  guiding  and  focussing 
by  the  feather.  Some  evidence  that  an  amplitude- 
modulated  or  pulsed  microwave  electric  field  tan  also 
elicit  piezoelectric  resonance  In  the  feather  receiv- 
ing system  was  also  obtained. 


5464  ORIENTATION  EFFECTS  ON  MICROWAVE- INDUCED 

HYPERTHERMIA  AND  NEUROCHEMICAL  CORRELATES. 

fE.Yijj.  I Merritt,  i.  H.  (Radiation  Sciences  DIv.,  USAF 
Sch.  Aerospace  Medicine,  Brcxiks  AFB,  TX  78235):  Cham- 
ness,  A.  F.  ; Hartzell,  R.  H.  ; Allen,  S.  J.  d.  Xfi'iijs'- 
UMi'd  rV'cvp  12(2):  167-172;  1977-  (H  refs) 

The  effect  of  mlcrciwave  field  orientation  on  body 
core  and  brain  hyperthermia  and  on  neurochemlcal 
changes  In  the  basal  hypothalamus  of  male  Sprague 
Dawley  rats  was  Investigated.  The  animals  were  In- 
dividually Irradiated  with  1,600  MHz  continuous 
wave  radiation  so  that  the  long  axis  of  the  rat  was 
(larallel  to  either  the  E-  or  the  H- fie  Id.  In  all 
cases.  Increases  In  rectal  and  brain  temperatures  of 
rats  exposed  In  the  E-or lentat Ion  were  greater  than 
In  rats  exposed  In  the  H-orlentat Ion,  Rats  exposed 
In  the  H-or lentat ion  to  20  mW/cm^  microwave  power 
for  10  min  did  not  show  Increases  In  either  brain  or 
rectal  temperature  compared  with  controls;  whereas, 
nxidest  Increases  In  both  brain  and  rectal  tem(iera- 
tures  were  observed  In  rats  extiosed  at  this  power 
level  for  10  min  In  the  E-orlentat Ion.  No  changes 
In  rectal  or  brain  temperature  wore  seen  In  E-orl- 
ented  or  H-orlented  rats  exposed  to  a (lOwer  of  10 
mW/cm‘.  When  rats  were  ex(iosed  for  up  to  2 hr  to 
20  mW/cm'^  of  1 ,600-MHz  radiation,  brain  and  rectal 
temperatures  remained  fairly  constant  fiom  1-2  hr 
after  the  commencement  of  radiation.  Upon  cessation 
of  (lower,  both  brain  and  rectal  tengieratures  de- 
clined rapidly,  and  the  animals  were  normothermic 
within  10  niln.  In  rats  ex(>osed  to  1,600  MHz  radia- 
tion In  the  E-or I ent at  Ion , norepinephrine  levels  In 
the  basal  hytwthalamus  were  significantly  reduced 
from  a control  value  of  1,463  ' 191  ng/g  brain  tis- 
sue to  levels  of  1,225  * 155,  l,043  ' 86,  and  1,075 
I 2,31  ng/g  after  a lO-mln  ext>osure  to  20  mW/cm",  a 
60-mln  ex(sosure  to  20  mW/cm'' , and  a lO-mln  exposure 
to  80  mW/cm‘.  These  same  eX(sosures  resulted  In 
Insignificantly  reduced  dopamine  levels  of  665  ' 

138,  680  t 175,  and  644  ♦ 195  ng/g,  respectively, 
compared  with  a control  value  of  829  * 230  ng/g. 

The  content  of  serotonin  In  the  basal  hypothalamus _ 
was  unaltered  at  the  highest  (wwer  level  (80  mW/cm‘). 
which  resulted  In  a 5 C Increase  In  brain  tempera- 
ture. 

5465  THERMOGRAPHIC  ANO  BEHAVIORAl  STUDIES  OF 

RATS  IN  THE  NEAR  FIELD  OF  918-MHz  RADIA- 
TIONS. I Lin,  J.  C.  (Dept.  Electrical  Engi- 

neering, Wayne  State  Unlv.,  Detroit,  Ml  48202);  Guy, 
A.  W.  ; Caldwell,  L.  R.  IKFK  Ptspia  Aft',»tsx,V(iv  Tht-vi'i, 

25(20):  833-836;  1977.  (10  refs) 
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Incident  and  absorbed  energy  were  measured  In  female 
Sprague-Oawley  rats  to  determine  levels  that  disrupt 
operant  behavior.  After  base-line  performances  were 
recorded,  rats  were  exposed  to  four  levels  of  9)8 
HHr  radiation  (0.  10,  20,  AO  mW/cm*).  The  distance 
between  the  proximal  surface  of  the  animal's  body 
and  the  radiator  was  6 cm.  Rats  were  killed,  and 
each  reassembled  rat  carcass  was  Irradiated  for  30 
sec  at  1,500  mW/cm^.  The  temperature  patterns  were 
determined  using  computerized  thermographs.  Peak  ab 
sorption  ot  energy  In  the  body  was  estimated  to  be 
0.8  W/kg  per  I mW/cm^  of  Incident  energy,  while 
the  value  for  the  tall  was  0.9  W/kg.  Operant  re- 
sponses of  Irradiated  rats  to  schedules  of  fixed- 
ratio  (food)  reinforcement  under  the  same  conditions 
as  the  dosimetric  test  were  observed  to  occur  for 
iO-mln  exposures  to  averaged  power  densities  of  30- 
kO  mW/cm",  This  range  of  densities  corresponds  to 
absorbed  peaks  of  energy  of  27-38  W/kg.  No  change 
In  behavior  was  observed  for  Incident  power  densi- 
ties and  peaks  of  absorbed  energy  ranging  frcxn  20- 
30  mW/cm-  and  18-27  W/kg,  respectively.  All  be- 
havioral changes  at  higher  values  were  reversible. 


5k66  MODIFICATION  OF  REPAIR  OF  X- IRRADIATION 

DAMAGE  OF  HEMOPOIETIC  SYSTEM  OF  MICE  BY 
MICROWAVES.  (Rni). ) Rotkovska,  D.  (Inst.  Biophysics, 
Czechoslovak  Acad.  Sciences,  Brno,  Czechoslovakia); 
Vacek,  A.  J.  /fic-iwAWt  PiHMr  12  (2) : 120- 123;  1977. 

(7  refs) 

Microwaves  (2,1*50  MHz,  100  mW/cm^)  were  used  to 
modify  X- I rradlat ion  damage  of  the  hemopoietic  sys- 
tem In  C57BI/10  strain  mice.  Mice  exposed  for  5 
min  to  microwaves  30  min  after  X- I rradlat Ion  (600, 

650,  700,  or  750  R)  had  a significantly  higher  sur- 
vival percentage  than  X-Irradlated  controls.  At 
the  lowest  X-ray  dose,  the  survival  percentages  on 
day  30  after  X-ray  exposure  were  about  lOOt  for  micro- 
wave-treated  mice  and  about  75*  for  X-Irradlated 
controls.  At  the  highest  X-ray  dose,  the  survival 
percentages  of  microwave-treated  and  control  mice 
were  about  30  and  0*,  respectively.  Microwave-treated 
mice  also  manifested  an  Increased  number  of  surviving 
hemopoietic  stem  cells  and  heightened  erythropolesi s 
and  myelopolesis.  Significant  increases  in  the  num- 
ber of  hemopoietic  endogenous  spleen  colonies  (ESC) 

In  the  spleens  of  mice  exposed  to  microwave  Irradi- 
ation at  0.5,  6,  and  12  hr  after  a 300-R  X-ray  expo- 
sure were  seen  In  relation  to  controls,  and  these 
Increases  support  earlier  observations  of  an  eleva- 
tion In  the  number  of  stem  cells  In  the  spleens  of 
Intact  mice  after  microwave  exposure  alone.  These 
results  Indicate  that  microwaves  may  Influence  the 
mechanisms  that  activate  the  pool  of  stem  cells. 

Since  ESC  grow  from  the  hemopoietic  stem  cells  that 
survive  X- I rradlat ion,  the  Increase  In  their  number 
may  be  due  either  to  an  Improvement  of  the  repair 
of  sublathal  radiation  damage  of  the  Irradiated 
stem  colls  or  to  Increased  proliferation  of  the  stem 
calls  that  survive  X- I rradlat ion.  An  acceleration 
of  the  repair  processes  of  radiation  damage  of 
hemopoietic  cells  appears  to  occur  following  micro- 
wave exposure,  and  this  accaleratlon  Is  dependent 
on  the  stege  of  Intrecel lular  repair  at  the  time  of 
microwave  exposure. 
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51*67  A SIMPLE  RAOIOENfYMATIC  PROCEDURE  FOR  THE 
DETERMINATION  OF  CHOLINE  AND  ACETYLCHOUNE 
IN  BRAIN  REGIONS  OF  RATS  SACRIFICED  BY  MICROWAVE  IR- 
RADIATION. ) Eckernaes,  S.-A.  (Dept.  Neurol- 

ogy, Univ.  Hosp. , Uppsala,  Sweden);  Aquilonlus,  S.-M. 

I'hi/eio!  A\in,l  100(1*);  1*1*6-1*51;  1977.  (22  refs) 

A rapid  and  sensitive  radloenzymatic  method  for  the 
analysis  of  choline  (Ch)  and  acetylcholine  (ACh) 
concentrations  In  brain  tissue  from  rats  sacrificed 
by  microwave  Irradiation  Is  described.  The  method 
is  a modification  of  a previously  used  rad ioenzymal ic 
procedure  for  Ch  and  ACh  determination  based  on  en- 
zymatic acetylation  of  free  Ch  with  '‘•carbon- labeled 
acetyl-coenzyme  A using  purified  choline  acetyltrans- 
ferase.  After  Ion-pal  r extraction  of  '‘‘carbon- labeled 
ACh  formed,  which  Is  performed  directly  In  the  scin- 
tillation vial  using  tetraphenylbc*run,  radioactivity 
is  measured  by  liquid  scintillation  counting.  In  one 
aliquot  of  a brain  extract,  endogenous  ACh  Is  specif- 
ically hydrolyzed  by  means  of  ACh-esterase,  and  the 
total  Ch  concentration  of  the  sample  Is  determined. 

The  concentration  of  endogenous  Ch  is  measured  In  an 
unhydrolyzed  aliquot,  and  the  ACh  level  Is  then  ob- 
tained as  the  difference  In  Ch  concentration  between 
the  two  aliquots.  About  120  determinations  can  be 
performed  In  I day.  Measurements  of  Ch  and  ACh  In 
the  brains  of  rats  killed  by  5 kW  of  2,l*50-MHz  micro- 
wave  Irradiation  fur  1.7  sec  revealed  that  the  ACh 
content  was  16  t 1.0  nmol/g  In  the  cortex  and  76  i 
2.1*  nmol/g  In  the  striatum;  the  corresponding  Ch 
values  were  23  * 2.5  and  33  l 1.2  nmol/g,  respective- 
ly- 


51*68  FURTHER  STUDIES  ON  THE  MICROWAVE  AUDITORY 

EFFECT.  ('S>*(j.7  Lin,  J.  C.  (Dept.  Elec- 
trical and  Computer  Engineering,  Wayne  State  UnIv., 
Detroit,  Ml  1*8202).  IRSK  Ti\tna 
T’.vhMr.juue  25(11):  938-91*3;  1977-  (26  refs) 

A theoretical  study  of  the  acoustic  signal  generated  In 
the  heads  of  humans  and  laboratory  animals  Irradiated 
with  rectangular  pulses  of  microwave  energy  Is  pre- 
sented. Assuming  that  auditory  sensation  results 
from  acoustic  waves  generated  In  the  tissues  of  the 
head  by  rapid  thermal  expansion  of  the  tissues  upon 
microwave  absorption,  the  amplitude  and  frequency  of 
the  auditory  signal  are  derived  for  a homogeneous 
spherical  model  of  the  head  under  constrained-surface 
conditions.  The  results  Indicate  that  the  frequency 
of  the  auditory  signals  generated  Is  Independent  of 
both  the  frequency  of  the  Incident  microwave  and  the 
absorbed  energy  distribution;  rather,  the  frequency 
of  the  Induced  auditory  signal  Is  only  a function  of 
head  size  and  tissue  acoustic  property  (velocity  of 
acoustic  wave  propagation).  The  smaller  the  head 
size,  the  higher  the  frequency  of  the  microwave- 
induced  auditory  sensation.  For  example,  in  guinea 
pigs  with  a head  size  of  1.5-2. 5 cm,  the  frequency 
of  the  induced  auditory  sensation  is  predicted  to 
range  from  kO-70  kHz  as  compared  with  10-15  kHz  fc>r 
an  adult  human  head  with  a size  of  7*10  cm.  Although 
the  amplitude  and  frequency  of  microwave- Induced 
sound  are  higher  when  predicted  by  the  above  method 
than  when  predicted  by  stress-free  boundary  condition 
formulation,  they  are  compatible  with  experimental 
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results  reported  to  date.  It  Is  also  shown  that 
there  Is  an  optimum  pulsewldth  for  the  efficient 
conversion  of  microwaves  to  acoustic  energy.  For  a 
3-cm  radius  sphere  exposed  to  2,li50  MHz  radiation 
at  a peak  absorbed  microwave  energy  of  1,000  mW/cm^, 
an  optimum  pulsewldth  of  about  2 psec  Is  predicted 
for  pressure  generation  to  occur. 


Sl|69  NEW  CLASS  OF  MICROWAVE  SHIELDING  MATERIALS. 

(f>uj.)  De  Bruyne,  R.  (Centrum  voor  On- 
derzoek,  N.  V.  Bekaert  S.A. , B-B550  Zwevegen,  Bel- 
gium); Van  Loock,  W.  J.  Miojvaina  PoiMr  12(2):  HS- 
I5«;  19/7.  (12  refs) 

A new  class  of  microwave-shle IdIng  materials  based 
on  the  use  of  fine  stainless  steel  Bekinox  fibers 
Is  discussed.  These  metal  fiber  products  show  con- 
trollable microwave  reflection  and  absorption  prop- 
erties. By  changing  the  diameter,  length,  concen- 
tration, and  total  quantity  of  the  shielding  mater- 
ial, a large  range  of  shielding  effectiveness  (SE) 
values  can  be  covered,  while  the  ratio  between  ab- 
sorption and  reflection  can  be  changed.  Needle 
felt  materials,  which  show  higher  SE  values  than  web 
materials,  can  be  produced  with  SE  values  of  >30 
dB  for  S-band  and  >60  dB  for  X-band  radiation. 
Noncompressed  webs  with  fiber  diameters  of  k,  8,  12, 
and  22  pm  and  surface  weights  between  100  and  280 
g/m^  show  SE  values  of  greater  than  25  dB  for  S-band 
and  greater  than  50  dB  for  X-band  radiation.  Woven 
materials  of  the  mesh  type  give  SE  values  greater 
than  30  dB  for  a metal  content  of  12t.  Products 
made  from  metal  fiber  materials  can  be  used  In  ap- 
plications such  as  radar  camouflage,  radiation  pro- 
tection, and  gasket  construction. 

5<t70  SOME  EFFECTS  OF  3300  MHZ  MICROWAVES  ON 

OXYGEN  UPTAKE  IN  GERMINATING  PEAS.  rPn.;.  ) 
Carley,  A.  L.  (Ph.D.  dissertation,  Univ.  Wlsconsln- 
Mllwaukee,  1976);  I38  pp.  (available  from  Xerox  UnIv. 
Microfilms,  Ann  Arbor,  Ml  48106,  Order  No.  77-15,9891. 
(145  refs) 

The  effects  of  low-level  3,300-MHz  microwave  Irrad- 
iation for  10  min  on  oxygen  uptake  In  germinating 
seeds  of  peas  (IHnim  eutimm)  was  Investigated.  A 
dose-dependent  reduction  In  the  rate  of  oxygen  con- 
sumption was  observed  during  irradiation.  At  an  Inci- 
dent power  of  5 mW/cm‘ , there  was  a 49.61  decrease  In 
oxygen  consumption  rate.  At  Incident  energies  of  3.5, 
2,  and  I mW/cm^,  the  oxygen  consumption  rate  was  re- 
duced by  27.9,  25-1,  and  14.4%,  respectively.  There 
was  no  observable  rate  difference  between  peas  Ir- 
radiated at  0.5  mW/cm^  and  noni rradlated  control 
germinating  peas.  Older  peas  were  less  affected 
than  younger  ones  by  the  Incident  microwaves.  The 
microwave  effect  was  diminished  by  the  presence  of 
an  external  source  of  glucose.  The  microwave  effect 
was  a nonthermal  one,  and  any  microbial  flora  pres- 
ent did  not  noticeably  affect  the  peas'  gas  exchange 
patterns  during  Irradiation.  Externally  supplied 
glucose  was  absorbed  and  utilized  by  the  rapidly  me- 
tabolizing germinating  pea  seed.  When  external 
glucose  was  supplied  before  microwave  Irradiation, 
this  effect  was  diminished,  indicating  a microwave 
effect  somewhere  in  the  metabolic  pathway  that  sup- 


plies glucose  for  respiration.  The  most  likely  path- 
way affected  Is  that  of  phosphoryl I tic  breakdown  of 
stored  starch.  This  pathway  Is  active  at  the  stage 
of  germination  Investigated,  involves  a number  of 
intermediate  steps  to  produce  glucose,  and  has  a num- 
ber of  potential  microwave  targets.  In  general,  the 
data  Indicate  that  the  lO-mln  irradiations  at  low 
intensities  (5  mW/cm  ) of  3,300  MHz  microwaves  affect 
the  ability  of  germinating  peas  to  utilize  and  evolve 
carbon  dioxide. 


5471  ELECTROMAGNETISM,  MAN  AND  THE  ENVIRONMENT. 

(f>ig.)  BattoclettI,  J.  H.  (Boulder; 
Westview  Press):  89  pp.;  1976.  (150  refs) 

A review  of  the  effects  of  electric,  magnetic,  and 
electromagnetic  fields  on  human  physiology  is  pre- 
sented. Topics  covered  Include  specific  sources  of 
man-made  electromagnetic  fields;  obvious  thermal 
effects  on  man,  particularly  from  ultra-high  fre- 
quency radiation  and  microwaves;  lesser  known  non- 
thermal physiologic  effects  in  man;  therapeutic 
uses  of  electric  and  magnetic  fields;  and  electro- 
magnetic exposure  standards  In  the  United  States, 
Russia,  and  other  countries.  The  effects  of  thermal 
electrical  pollution  are  distinguished  from  the 
effects  of  athermal  pollution,  and  the  results  of 
several  surveys  on  the  athermal  effects  Induced  by 
electromagnetic  fields  are  presented,  such  as,  the 
phosphene  phenomena  or  sensation  of  light  flashes 
In  the  eye  (800  G,  30-40  Hz);  radiosounds  (250 
mW/cm^  peak;  1-7  mW/cm^  average;  200-3,000  MHz  mod- 
ulated); cardiovascular  effects  (1  mW/cm^  ultra-high 
frequency;  10-100  V/m  shortwave;  100-1,000  V/m  med- 
ium wave);  conditioned  vascular  reflex  (10,000  V/m 
high  frequency);  and  reaction  time  effects  (5-17  G 
(direct  current]  modulated  at  0. 1-0.2  Hz). 


5472  NEURONAL  AND  EXTRANEURONAL  OUTFLOW  OF  ’h- 
NORAORENALINE  INDUCED  BY  ELECTRICAL-FIELD 
stimulation  of  an  ISOLATED  BLOOD  VESSEL.  fFn.;. ) 
Schrold,  .1.  (Dept.  Pharmacology,  Univ.  Odense,  Den- 
mark): Nedergaard,  0.  A.  Aotn  Physiol  Soand  101(2): 
129-  143;  1977.  (32  refs) 

The  adrenergic  neuronal  selectivity  of  tritium  (-’H)- 
outflow  elicited  by  electrical  field  stimulation  of 
rabbit  isolated  pulmonary  artery  preloaded  with  ^H- 
(-)-noradrenal Ine  (^H-NA)  was  examined.  Following 
Incubation  (45  min)  of  arterial  rings  at  37  C with 
^H-NA  (10'*  molar)  and  a lOO-mln  washout  period,  the 
sympathetic  neurons  were  stimulated  selectively  and 
supramaximal ly  with  a constant  current  (250  mA;  300 
monophasic  pulses;  10  Hz;  0.3  msec).  The  Initial 
stimulation- Induced  ^H  outflow  was  39  picomoles/g, 
which  was  higher  than  the  subsequent  five  outflows 
that  remained  almost  constant  (20,  19,  17,  16,  and 
16  picomoles/g,  respectively).  ^H-NA  and  ■'’h-0- 
methylated  plus  deamlnated  metabolites  constituted 
11  and  74%,  respectively,  of  the  total  ^H  outflow 
induced  during  the  Initial  stimulation  period  and 
38  and  38%,  respectively,  of  the  total  ^H  outflow 
during  the  second  stimulation  period.  The  omission 
of  calcium  Ion  In  the  physiological  salt  solution 
reduced  the  six  st imulat Ion- Induced  outflows  to  67. 
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*•0,  35,  2**.  21,  and  2Ii3,  respectively,  of  untreated 
preparations.  Bretylium  (3  x lO'^  molar)  or  tetro- 
dotoxln  (10”'’  molar)  reduced  the  outflow  to  ap- 
proximately the  same  extent.  St Imulat Ion- Induced 
outflows  from  artery  rings  preloaded  with  ^H-NA  In 
the  presence  of  cocaine  (10  ^ molar)  or  in  the  cold 
(3  C)  approximated  the  calcium  Ion,  bretylium,  and 
tet rodotoxi n- 1 nsensi t I ve  release.  These  treatments 
all  completely  blocked  the  neurogenic  contractile 
response.  When  artery  rings  were  preloaded  with 
■'h-NA  In  the  presence  of  normetanephrine  (10  '*  molar), 
the  St Imulat Ion- 1 nduced  calcium  ion  Insensitive  out- 
flows were  markedly  reduced.  These  results  Indicate 
that  -’h  outflow  represents  release  from  neuronal  and 
extraneuronal  sites. 


S'*/)  VOLTAGE- INDUCED  PORE  FORMATION  AND  HEMOLYSIS 

OF  HUMAN  erythrocytes.  (1>U!.  > KInosIta, 

K.  (Dept.  Physiological  Chemistry,  Johns  Hopkins 
UnIv.  Sch.  Medicine,  Baltimore,  MD  21205):  Tsong,  T. 

Y.  Pwc'htm  Piof'hua  Aota  1*71  (2) : 227-2lt2;  1977.  (22 

refs) 

Isotonic  suspensions  of  human  erythrocytes  were  ex- 
posed to  singie  eiectric  pulses  of  a few  kV/cm  In- 
tensity and  of  microsecond  duration  to  study  hemol- 
ysis and  pore  formation.  Upon  pulsation,  the  cell 
membranes  became  permeable  to  sodium  and  potassium, 
and  the  erythrocytes  eventually  hemolyzed  through 
the  colloid  osmotic  effect  of  hemoglobin.  The  en- 
hanced permeability  was  attributed  to  the  formation 
of  pores  In  the  cell  membranes.  These  pores  were 
formed  within  a fraction  of  a microsecond  once  the 
transmembrane  potential  induced  by  an  applied  elec- 
tric field  with  a pulse  duration  of  20  psec  reached 
a critical  value  of  1.0  V.  Increased  field  intensity 
or  pulse  duration  or  pulsation  at  low  Ionic  strengths 
resulted  in  an  expansion  of  pore  size,  leading  to  an 
accelerated  hemolysis  reaction.  In  contrast  to  this 
expansion  process,  the  Initial  step  of  pore  formation 
was  governed  solely  by  the  magnitude  of  the  trans- 
membrane potential,  the  critical  value  of  which  re- 
mained essentially  constant  In  media  of  different 
Ionic  strengths  and  did  not  change  appreciably  with 
varying  pulse  duration.  An  abrupt  Increase  in  mem- 
brane permeability  at  a transmembrane  potential  of 
about  I V has  been  observed  In  many  cellular  systems, 
and  It  Is  suggested  that  a similar  mechanism  of  pore 
formation  may  apply  to  these  systems  as  well. 


5l(7l(  INTRACARDIAC  CATHETER  FIBRILLATION  THRESH- 

OLDS AS  A FUNCTION  OF  THE  DURATION  OF  60 
HZ  CURRENT  AND  ELECTRODE  AREA.  Roy,  0.  2. 

(Natl.  Res.  Council  Canada,  Ottawa,  Ontario,  Canada): 
Park,  G.  C.;  Scott,  J.  R.  TEFE  Trane  Bioned  Eng 
26(5):  *30-«35;  1977.  (12  refs) 

Fibrillation  thresholds  and  their  relationship  to 
the  duration  of  60-Hz  current  flow  (expressed  as 
the  number  of  60-Hz  cycles  applied  to  the  heart)  are 
described.  Experiments  were  performed  on  50  healthy 
beagle  and  labrador  dogs  using  catheter  electrodes 
ranging  In  surface  ares  from  0.22i|  mm^  to  90  mm^ . 

The  electrodes  were  Introduced  through  the  azygous 
vein  into  the  right  ventricle  and  were  located  at 


or  near  the  apex.  Current  fibrillation  thresholds 
were  found  to  be  exponentially  related  to  the  number 
of  60-Hz  cycles  flowing  through  the  heart.  Current 
fibrillation  thresholds  were  increased  with  greater 
electrode  surface  areas.  However,  as  the  number  of 
60-Hz  cycles  was  reduced,  the  dependence  of  fibril- 
lation thresholds  on  electrode  area  was  also  reduced 
so  that  at  one  cycle  of  60  Hz  current  fibrillation 
thresholds  were  approximately  equal  for  the  above 
range  of  electrode  surface  areas.  At  current  flow 
durations  of  10  cycles  of  60  Hz  or  less,  smaller 
electrodes  required  more  energy  to  fibril  late  the 
heart  because  of  polarization  phenomena.  There  was 
an  amplitude  dependent  fibrillation  window  that  had 
an  upper  and  lower  limit  between  which  fibrillation 
was  most  likely  to  occur.  The  ratio  between  the 
average  upper  and  lower  level  values  for  16  cycles  of 
60-Hz  and  less  was  3:1.  The  ratio  difference  in 
fibrillating  current  thresholds  between  rheobase  val- 
ues and  values  at  one  cycle  of  60  Hz  was  in  excess 
of  100:1. 


5lt75  ELECTROMAGNETIC  POLLUTION.  (Eng.)  Becker, 

R.  0.  (Veterans  Admin.  Hosp. , Syracuse, 
NY);  Marino,  A.  A.  Saienace  l8(l):llt-15,  23:  1978. 

(0  refs) 

The  biological  effects  of  60-Hz  nonionizing  electro- 
magnetic radiation  are  discussed  with  particular  ref- 
erence to  high-voltage  transmission  line  sources. 

Rats  exposed  to  a 60-Hz  electric  field  for  1 mo  ex- 
hibited hormonal  and  biochemical  changes  similar  to 
those  caused  by  stress.  The  electric  field  used  In 
this  study  was  comparable  In  strength  to  that  pro- 
duced at  ground  level  by  a typical  high-voltage 
transmission  line.  In  another  experiment  where 
three  generations  of  rats  were  continuously  exposed 
to  the  electric  field.  Increased  Infant  mortality 
and  severely  stunted  growth  were  observed.  These 
results  appear  to  Indicate  that  the  applied  electric 
field  primarily  affects  the  central  nervous  system 
and  activates  the  stress- response  mechanism.  High- 
voltage  transmission  lines  currently  being  construc- 
ted will  operate  at  765,000  V compared  with  the 
present  maximum  of  about  500,000  V,  and  the  electric 
utility  Industry  has  begun  developing  the  technology 
to  operate  at  more  than  1,000,000  V.  It  is  sug- 
gested that  this  may  be  the  time  to  halt  such  tech- 
nology until  studies  establish  safe  levels  for  hum- 
ans and  for  the  entire  ecosystem. 


51176  BIMANUAL  BIPOLAR  DIATHERMY  FOR  TREATMENT 

OF  BLEEDING  FROM  THE  ANTERIOR  CHAMBER 
ANGLE.  (Eng.)  Michels,  R.  0.  (Wl Imer  Inst.,  Room 
Il6,  Johns  Hopkins  Hosp.,  Baltimore,  MD  21205);  Rice, 

T.  A.  Am  J 8I((6):  873-87k;  1977.  (12  refs) 

A modified  bimanual  bipolar  diathermy  technique  was 
used  to  treat  bleeding  vessels  In  the  anterior  cham- 
ber angle  of  the  eye  In  two  patients.  One  lead  of 
a Mentor  Mot  Field  coagulator  was  attached  to  an 
Instrument  positioned  In  the  anterior  chamber  angle 
at  the  bleeding  site,  and  a second  lead  was  attached 
to  a needle  positioned  externally  at  the  corneoscle- 
ral limbus  In  the  same  meridian.  Repeated  applica- 
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tions  of  diathermy  current  (approximately  1-sec  dur- 
ations) between  the  instrument  tips  were  used  to 
coagulate  the  bleeding  vessels.  No  undesirable  ef- 
fects involving  the  corneoscleral  llmbal  tissue 
were  noted  after  diathermy  applications  in  these 
cases. 


5l<77  REGIONAL  LEVELS  OF  CYCLIC  AMP  IN  RAT 

BRAIN:  PITFALLS  OF  MICROWAVE  INACTIVATION. 
ff.Yu;. ) Lenox.  R.  H.  (Dept.  Medical  Neurosciences 
and  Endocrinology  and  Metabolism,  Walter  Reed  Army 
Inst.  Res.,  Walter  Reed  Army  Medical  Center,  Wash- 
ington, DC  20012);  Meyerhof f,  J.  L.  ; Gandhi,  0.  P. ; 
Wary,  H.  L.  J.  CJ/oHo  Uui.'leoti.ie  Rea  3(5):  367-379; 
1977.  (90  refs) 

Various  microwave  systems  were  evaluated  for  their 
ability  to  inactivate  In  vivo  regional  levels  of 
cyclic  adenosine  monophosphate  (AMP)  in  rat  brain. 

The  microwave  inactivation  techniques  evaluated 
were  whole  body/oven  cavity,  whole  body/rest r 1 cted 
area  in  oven  cavity,  head  immobilized/waveguide 
chamber,  and  head/waveguide  chamber.  Forward  powers 
ranged  from  1.25-5.2  kW,  and  exposure  times  for 
cyclic  Amp  Inactivation  ranged  from  2.25-60+  sec. 

The  rate  of  inactivation  varied  In  different  brain 
regions  (hypothalamus,  cortex,  and  cerebellum)  and 
was  reproducible  only  with  Immobilization  of  the 
rat's  head  during  exposure.  As  the  exposure  dura- 
tion required  for  cyclic  AMP  inactivation  decreased, 
the  levels  of  cyclic  AMP  in  some  brain  regions  were 
significantly  reduced,  while  levels  in  other  regions 
were  unchanged.  As  the  time  for  adequate  cyclic 
AMP  stabilization  was  decreased,  the  cyclic  AMP  val- 
ues throughout  the  brain  regions  generally  decreased 
and  became  less  variable  from  region  to  region.  It 
is  suggested  that  with  slower  microwave  Inactivation 
systems  significant  enzyme-mediated  postmortem  arti- 
fact may  persist.  These  findings  demonstrate  that 
different  regions  of  the  rat  brain  require  different 
durations  of  microwave  exposure  to  stabilize  the 
cyclic  AMP  levels,  suggesting  a gradient  of  enzyme 
inactivation  within  the  rat  brain.  The  reliability 
of  a particular  inactivation  method  for  use  with 
a specific  metabolite  is  dependent  on  both  the 
lability  of  the  enzyme  systems  and  their  activity 
during  the  postmortem  period.  At  present  it  is 
feasible  to  use  microwave  techniques  to  study 
cyclic  AMP  levels  In  rat  whole  brain  or  specific 
regions,  if  the  exposure  durations  are  based  on  a 
consistent  known  sequence  of  regional  Inactivation 
under  the  particular  microwave  parameters  employed. 


5978  RADIATION- INDUCED  INJURIES  OF  THE  EVES. 

(iitje.)  Tengroth,  B.  (Karol  Inska  sjuk- 
huset,  Oegonkl  Iniken,  Sweden).  Tidaakr  Rot'  Laeae- 
foren  97(23):  1158-1162;  1977-  (13  refs) 

Studies  on  the  effects  of  ionizing  and  non-ionIzing 
radiation  on  the  eyes  are  reviewed.  Microwave  energy 
(0.3-1,000  mm)  is  transformed  into  heat,  as  It  Is 
absorbed  by  the  tissues  of  the  eye  and  the  eye  cat- 
aract Is  caused  by  this  thermal  effect.  Discrete 
changes  in  the  lens  and  Injury  to  the  retina  have 
been  observed  in  a group  of  engineers  exposed  to 


microwaves  (parameters  not  given).  Reduction  of  the 
visual  acuity  from  1.0  to  0.9  was  seen  In  two  of 
them.  Radiation  with  wavelengths  of  1-100  m has  not 
been  found  to  be  injurious  to  the  eyes.  At  an  energy 
density  of  20  mW/cm^,  such  radiation  levels  caused 
stress  In  experimental  animals. 


5979  A GAUSSIAN-BEAM  LAUNCHER  FOR  MICROWAVE  EX- 
POSURE STUDIES.  (IMlJ.)  Neelakantaswamy, 

P.  S.  (Dept.  Electrical  Engineering,  Indian  Inst. 
Technology,  Madras,  India);  Gupta,  K.  K. ; Banerjee, 

D.  K.  [ERE  Tt\ina  Wi'ors'fUttOH  'Iheovy  Tec’hniquee  25(5): 
926-928;  1977.  (lO  refs) 

A method  of  producing  a focused  microwave  beam  by 
means  of  a launcher,  consisting  of  a homogeneous 
dielectric  sphere  Illuminated  by  a corrugated  cylin- 
drical waveguide  aperture  (scalar  horn).  Is  described. 
The  corrugated  pipe  has  quarter-wave  teeth  and  car- 
ries the  hybrid  (HEn)  mode.  The  field  distribution 
at  the  aperture  of  the  corrugated  pipe  is  used  as 
the  sphere- 1 1 lumlnat Ing  source,  and  the  dielectric 
sphere  Is  placed  In  front  of,  but  displaced  from, 
this  aperture.  The  wavegulde-to-sphere  offset  can  be 
the  optimum  value  for  which  the  Input  standing  wave 
ratio  Is  a minimum.  This  launcher  produces  a near- 
circular Gaussian  beam  In  the  proximity  of  the  di- 
electric sphere  with  a high  on-axIs  gain  factor. 
Near-field  measurements  performed  at  a frequency  of 
9.659  GHz  with  a dielectric  sphere  having  a relative 
permittivity  of  2.35  (polyvinyl  chloride)  and  a di- 
ameter equal  to  8.5  cm  confirmed  theoretic  expres- 
sions derived  for  the  electromagnetic  fields  of  the 
focused  beam  wave.  The  results  Indicate  that  by 
proper  choice  of  the  sphere  diameter  to  wavelength 
ratio  and  the  scalar  horn  dimensions,  a specified 
Gaussian  beam  can  be  produced  for  localized  exposure 
of  biologic  subjects. 


5980  REACTIVITY  OF  BONE  MARROW  MEGAKARYOCYTES 

IN  ALBINO  RATS  EXPOSED  TO  LOW- INTENSITY 
MICROWAVE  ELECTROMAGNETIC  FIELD.  (Rua.J  Obukhan, 

E.  I.  (Scientific  Res.  Inst.  General  and  Municipal 
Hygiene,  Kiev,  USSR).  Taitol  Genet  11(1):  27-29; 
1977.  (9  refs) 

The  effects  of  exposure  to  microwave  electromagnetic 
field  (2,375  HHz)  on  bone  marrow  megakaryocytes  were 
studied  in  adult  white  Wlstar  rats.  The  animals 
were  exposed  to  500  mW/cm^  field  for  6 hr  or  to  a 
50  mW/cm^  field  for  6 hr  dally  on  3,  7,  or  10  con- 
secutive days.  The  animals  were  killed  I-I6  days 
after  exposure.  Most  mature  megakaryocytes  were 
found  In  the  state  of  thrombocytopolesis.  Part  of 
the  mature  megakaryocytes  were  destroyed  within  16- 
29  hr  after  irradiation;  their  cytoplasm  became  oxy- 
philic and  swollen;  the  nuclei  were  pyknotic  and 
eccentrical.  Enucleation  was  observed.  Phagocytosis 
of  lymphocytes,  normoblasts,  mature  granulocytes, 
and  erythrocytes  by  megakaryocytes  was  seen.  In- 
tensification also  caused  proliferation  of  megakar- 
yocytes and  promegakarocytes . The  number  of  throm- 
bocyte-producing megakaryocytes  was  reduced  consid- 
erably 7-16  days  after  exposure,  and  no  destroyed 
forms  were  seen  after  16  days.  These  changes  were 
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nuMt  pronounced  efter  single  exposure  to  SOO  n>W/ 
cm'  end  correlated  with  the  number  of  exposures  to 
50  mW/cm^ , 


5<i8i  X-ray  diffraction  analysis  of  bcef  soft 
EXPOSED  TO  STATIONARY  MAGNETIC  FIELD. 
i!fn8.)  Lepshev,  lu.  A.  (Voronezh  Correspondence 
Sch.  of  Conmorce,  Voronezh,  USSR),  •■'t aofu'ixiiii 
(5):  112-116;  1977.  (6  refs) 

The  effect  of  stationary  magnetic  field  (0.155  or 
0.22  tesla,  exposure  for  3 min)  on  the  structure  of 
melted  beef  suet  In  liquid  and  solid  forms  was  stu- 
died by  x-ray  diffraction  analysis  at  -I0°C.  The 
exposure  caused  a reduction  of  the  mean  width  and 
of  the  overall  intensity  of  the  diffraction  lines. 
Shifts  of  the  Intensity  maxima,  the  disappearance 
of  some  diffraction  lines  and  the  appearance  of 
others  wore  seen  In  some  cases.  These  changes  In- 
dicated the  development  of  defects  in  the  crystal 
lattice,  changes  in  structure,  and  consequently  of 
changes  (increase  or  decrease)  In  the  reactivity  of 
the  compounds  forming  the  fat  due  to  the  electron 
shifts.  The  structural  changes  were  slightest  In 
specimens  exposed  In  liquid  form  to  a magnetic  field 
of  0.22  tesla  and  in  those  treated  In  solid  form  with 
0. 155  tesla. 


5't82  THE  EFFECT  PRODUCED  BY  THE  ULTRAHICH- 

FREQUENCY  EHF  ENERGY  ON  THE  ORGANISM  OF 
TEST  ANIMALS  UNDER  DIFFERENT  CONDITIONS  OF  ULTRA- 
VIOLET IRRADIATION.  l/fua.  ' Gabovlch,  R.  D.  (Med- 
ical Inst.,  Kiev,  USSR);  Shutenko,  0.  1,  Tt' 

I'n'f  (9);  31-37;  1977.  (6  refs) 

Effects  of  ultra-high-frequency  (UHF)  fields  (2,840 
MHz,  field  intensity  100  or  1,000  pW/cm^,  exposure 
3 hr7day  for  4 mo)  were  studied  in  male  white  rats 
treated  with  low  (20-25  micro-erythemal  unlts/cm^), 
optimal  (400  micro-erythemal  unlts/cm‘)  and  high 
(1,600  micro-erythemal  unlts/cm^)  doses  of  ultra- 
violet (UV)  radiation.  Group  I received  only  low 
UV  dose;  Group  2 received  low  UV  dose  with  UHF  (100 
uW/cm-);  Group  3 received  low  UV  dose  and  UHF  (1,000 
pW/cm^);  Croup  4 received  optimal  UV  dose;  Group  5 
received  optimal  UV  dose  and  100  pW/cm- ; Group  6 
received  optimal  UV  dose  and  1,000  pW/cm- ; Group  7 
received  high  UV  dose;  Group  8 received  high  UV 
dose  and  100  pW/cm^;  and  Group  9 received  high  UV 
dose  and  1,000  pW/cm‘.  The  effects  of  the  UHF  field 
and  UV  Irradiation  were  assessed  on  the  basis  of 
such  physiologic  parameters  as  weight  gain,  perfor- 
mance capacity,  latency  of  the  unconditioned  defense 
reflex,  blood  serum  cholinesterase  activity,  blood 
SH-group  content,  inmunological  reactions,  and  color 
sensitivity  of  the  eye.  The  harmful  effect  of  UV 
deficit  was  aggravated  by  UHF  Irradiation,  especial- 
ly at  the  1,000  pU'cm^  Intensity,  and  the  harmful 
effect  of  UHF  irradiation  with  pW/cm-  wis  lessened 
by  treatment  with  the  optimal  UV  dose  considerably, 
compared  with  Group  2.  The  optimal  UV  dose  offered 
significantly  less  protection  against  the  harmful 
effect  of  UHF  of  1,000  pW/cm^  (Group  6).  The  un- 
favorable changes  In  physiologic  parameters  were 
most  pronounced  In  Groups  8 and  9,  indicating  the 


synergistic  effect  of  UV  and  UHF  Irradiation.  The 
findings  Indicate  the  usefulness  of  the  prophylactic 
UV  treatment  of  subjects  exposed  to  UHF  radiation, 
especially  in  northern  regions  and  during  the  fall 
and  winter  periods. 


5483  CALLUS  FORMATION  IN  TROCHANTERIC  FRACTURES 

DURING  ELECTRIC  STIMULATION  OF  OSTEOGEN- 
ESIS. ' lumashev,  G.  S.  (Clinic  TraimMtology 

Orthopedics,  I.  M.  Sechenov  First  Moscow  Medical 
Inst.,  Moscow,  USSR);  Kriukov,  B.  N.  Khi  fuiMi  i,i 
(12):  62-66;  1977.  (18  refs) 

The  efficiency  of  electrical  stimulation  of  repara- 
tive osteogenesis  with  weak  direct  current  (parameters 
not  given)  was  studied  in  50  patients  (av  age  73-2 
yr)  with  trochanteric  fracture  of  the  femur.  All 
p.stlents  were  in  skeletal  traction,  and  electrical 
stimulation  was  begun  1-2  days  after  hospi ta 1 1 zat ion . 
Three  hundred  and  forty-eight  patients  (av  age  72 
yr)  with  similar  fractures,  who  were  put  into  skel- 
etal traction  without  stimulation,  served  as  con- 
trols. The  average  length  of  the  hospital  stay  of 
stimulated  patients  was  47.7  days  vs.  69.4  days  In 
the  control;  It  was  possible  to  remove  the  traction 
of  stimulated  patients  after  35.2  days  vs.  52.4  days 
In  the  control.  Electrostimulation  reduced  the 
length  of  traction  by  2 wk  In  nearly  702.  of  the  pa- 
tients. Callus  formation  was  trbservcd  In  the  stim- 
ulated patients  3-4  wk  after  hospitalization.  (Ccm- 
trol  data  not  given).  The  incidence  of  liwwblllza- 
tlon-related  complications  was  122  vs.  24.52  In  the 
control.  Earlier  normalization  of  the  electrical 
resistance  of  the  fractured  zone  was  observed  In 
the  patients  who  received  electrostimulation  com- 
pared with  the  control.  The  therapeutic  results  In 
the  stimulated  group  were  excellent  In  21  cases, 
gcx>d  In  14,  satisfactory  In  8 (control  data  not 
given).  The  findings  Indicate  the  favorable  effect 
of  electrical  stimulation  on  osteogenesis. 


5484  TREATMENT  OF  CHRONIC  INFLAMMATORY  DISEASES 

OF  THE  FEMALE  GENITALS  BY  PERMANENT  MAGNE- 
TIC FIELD.  (Nua. ' Suvorova,  N.  M.  (Inst.  Obstet- 
rics Gynecology,  USSR  Acad.  Medical  Sciences,  Lenin- 
grad, USSR).  Akufih  dinoki^:  (9):  62-63;  1977.  (2 

refs) 

Forty-nine  women  with  chronic  salplngo-oophor 1 t 1 s 
and  25  with  chronic  perimetritis  were  treated  with 
a permanent  magnetic  field  (100-300  Oe)  by  rubber 
sheets  embedded  with  barium  ferrite  pcwrder,  for  3- 
4 wk  In  the  hypogastric  and  lumbosacral  region. 

The  patients  were  aged  21-42  yr,  and  the  length  of 
the  disease  before  the  magnetic  therapy  was  1-4  yr 
In  26  cases,  5 yr  or  more  In  48.  All  patients  had 
rather  frequent  acute  exacerbations  of  the  disease, 
and  all  had  been  treated  with  drugs  and  physical 
therapy.  The  magnetic  therapy  led  to  the  cessation 
or  alleviation  of  pain  In  12-15  days  In  62/74  pa- 
tients. Objective  clinical  Improvement  was  seen  In 
60  cases.  The  magnetic  therapy  did  not  modify  the 
character  of  the  menstrual  cycle,  and  It  reduced 
the  blood  loss  In  nine  patients  who  suffered  from 
menorrhagia  before  the  treatment.  Normalization  of 
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the  erythrocyte  sedimentation  rate  was  seen  after 
therapy  in  all  38  patients  who  had  Increased  sedi- 
mentation rate  before  treatment.  The  peripheral 
blood  leukocyte  count  averaged  5i*t60!32**  per  mm^ 
before  treatment,  and  6, 167^312  per  mni'*  after 
therapy.  C-reactIve  protein,  found  in  2$  patients 
before  the  treatment,  was  not  seen  at  all  after 
therapy.  Follow-up  at  9 mo  after  therapy  showed 
complete  cessation  of  pain  In  36  patients.  Eleven 
patients  showed  exacerbation  of  the  inf lansiiatory 
process  shortly  after  the  therapy.  Placebo  treat- 
ment. performed  on  10  patients,  was  ineffective. 

The  findings  Indicate  the  value  of  ambulant  magnetic 
therapy  In  women  with  Inflammation  of  the  internal 
genital  la. 


s‘*85  hazards  of  high-frequency  electromagnetic 

FIELDS  IN  INDUSTRY.  (Pol.)  Karczmariowa , 
T.  (No  affiliation  given);  LIpowczan,  A.;  Tengler, 
H.  iVhivno  31  (9):  12-13,  1977.  (5  refs) 

An  Inquiry  was  conducted  during  the  1975-1976  period 
In  industrial  plants.  Institutions,  and  hospitals 
in  the  Katowice  area  to  determine  the  number  of 
sources  of  high-frequency  electromagnetic  fields. 
Four  hundred  and  two  sources  of  electromagnetic 
fields  were  found  in  335  of  the  985  industrial 
plants,  institutions,  and  hospitals  queried.  The 
frequencies  were  under  I kHz  at  6 sources,  under  100 
kHz  at  57,  under  I MHc  at  52,  under  10  MHz  at  275, 
and  under  100  MHz  at  62.  Two  hundred  and  eighty- 
nine  sources  were  found  in  hospitals;  their  fre- 
quencies were  In  the  range  of  1-100  MHz,  and  their 
outputs  ranged  from  100  W to  10  kW.  The  inquiry 
will  be  continued  to  establish  the  number  of  persons 
exposed  to  electrcxnagnetic  fields. 


5k86  NATIONAL  CONFERENCE  ON  THE  EFFECT  OF  ELEC- 
TROMAGNETIC FIELDS  ON  THE  BODY.  (Slo.) 
Puzjak,  I.  (No  affiliation  given).  PtektJ\'tdohnCkii 
Laaopia  28(9):  70k;  1977.  (0  refs) 

Papers  presented  at  the  National  Conference  on  the 
Effects  of  Electromagnetic  Field-Ion  the  Body,  held 
on  May  11-12,  1977  in  Prague,  Czechoslovakia,  are 
reviewed.  Papers  on  the  physical  aspects  of  the 
problem  were  concerned  mainly  with  the  measifrement 
of  electrostatic  and  electromagnet ic  fields.  Papers 
on  the  biological  and  medical  aspects  of  exposure 
dealt  with  the  effects  of  electrostatic  and  electro- 
magnetic fields  on  atmospheric  Ions,  with  the  cir- 
cadian rhythm  of  humans  in  the  geomagnetic  field, 
with  the  Influence  of  magnetic  fields  on  the  ^^’Rb 
distribution  In  mice,  and  with  the  possible  mech- 
anism of  the  influence  of  the  geomagnetic  field  on 
sleep. 


5'*87  COMMENT  ON  "EXPERIMENTAL  AND  THEORETICAL 
STUDIES  ON  ELECTROMAGNETIC  FIELDS  INDUCED 
INSIDE  FINITE  BIOLOGICAL  BODIES"  (LETTER  TO  EDITOR). 

) Bassen,  H.  I.  (Olv.  Electronic  Products, 
Bureau  Radiological  Health,  Food  and  Drug  Admin., 
Rockville,  MO  20852);  Cheung,  A,  rSFF  Pnma  .'fti’if- 
•Jtwa  rhaopy  Taohni.juaa  25(7)  :623-62l*;  1977.  (8  refs) 


A miniature  isotropic  probe  for  measuring  electro- 
magnetic fields  induced  inside  finite  biologic  bod- 
ies that  is  neither  location  dependent  nor  calibration 
dependent  with  respect  to  the  dielectric  properties 
of  the  surrounding  nwdia  Is  described.  Thin-fllm 
micromln latur i zed  circuitry  was  used  to  produce  an 
electrically  snail  dipole  (2.5  mm  tip-to-tip)  with 
an  Integral  beam- lead  diode  chip  detector.  No  bond- 
ing wires  were  present  to  resonate  with  the  very  low 
reverse  bias  capacitance  of  the  diode  (0.1  picofarads). 
A layer  of  low-d le lec t r I c constant  encapsulation, 
less  than  one-quarter  wavelength  in  the  media,  sur- 
rounded the  dipole.  The  performance  of  the  probe 
was  evaluated  by  performing  continuous  scans  within 
muscle-equivalent  spheres  Irradiated  by  a plane  wave 
at  a frequency  of  2,1*50  MHz.  Good  agreement  of  the 
spatial  distribution  of  fields  existed  between  the 
exper I n<en tal  data  and  theoretically  predicted  values. 
The  authors  conclude  that  this  practical  probe  elim- 
inates the  problems  detailed  by  Guru  and  Chen.  In 
a second  comment,  the  authors  point  out  that  the 
proper  size  Is  critical  In  the  design  of  an  accurate 
internal  field  probe.  The  extent  of  miniaturization 
possible  with  a probe  antenna  Is  limited  because  an 
excessively  small  probe's  Impedance  will  greatly  ex- 
ceed the  equivalent  load  impedance  of  even  a micro- 
miniature diode  chip,  even  If  the  antenna  is  insulated. 
An  optimum  size  for  an  antenna  Is  about  0.1  wavelength 
In  the  highest  dielectric  constant  medium  to  be  en- 
countered. Difficulties  In  making  probes  response 
independent  of  the  media  at  frequencies  below  1,000 
MHz  have  been  encountered  due  to  the  above  limitation. 

5‘t88  USE  OF  SINUS-MODULATED  CURRENTS  AND  ULTRA- 
SOUND IN  OBLITERATIVE  DISEASES  OF  THE 
LOWER  LIMBS.  f.SYja.  7 Nesterova,  V.  P.  (Dept.  Ther- 
apy, Kuban  Medical  Inst.,  Kuban,  USSR);  larovaia,  M. 

K.  I'ni,-;*  (7):  28-30;  1977.  (0  refs)  , 

Twenty-nine  patients  with  endarteritis  obliterans 
and  nine  patients  with  arteriosclerosis  obliterans 
received  physiotherapy  with  s inus-nwdulated  current 
(80-100  Hz.  modulation  factor  50-75*.'  20-35  mA.  2x 
3 mln/sesslon,  10-12  sessions/course).  All  patients 
were  aged  31-50  yr.  Considerable  Improvement  was 
achieved  In  28  patients,  Improv^pient  In  7,  and  no 
effect  was  seen  In  3 cases.  Improvement  was  defined 
by  the  alleviation  or  d i sappearance  of  pain  and 
tremor, iby  Improved  gait,  and  by  a reduction  of  ul- 
cerat Ion. 


51*89  ASSESSMENT  OF  EFFECTIVENESS  OF  MUSCLE  ELEC- 

TROSTIMULATION TO  PREVENT  HYPOKINESIA- 
INDUCED  DISORDERS  IN  MAN.  I'Swa.)  Cherapakhln,  M. 

A.  (No  affiliation  given);  Kakurin,  L.  I.;  Il'lna- 
Kakueva,  E.  I.;  Fedorenko,  G.  T.  Koam  Piol  Atnokoarr 
Mod  11(2):  66-68;  1977- 

The  effectiveness  of  electrostimulation  of  the  mus- 
cles of  the  shin,  hip,  abdomen  and  back,  physical 
exercise,  and  a combination  of  both  was  studied  In 
healthy  men.  The  men  were  placed  In  a prone  posi- 
tion (with  the  feet  higher  than  the  head  by  6-6*') 
for  7 wk.  Electrostimulation  was  achieved  with  12 
or  20  electrodes  of  a "Tonus-2"  apparatus  applied 
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t-2x,  2S-30  min  daily.  Electrostimulation  alone 
prevented  the  atrophy  of  the  muscles  and  Increased 
their  tolerance  to  static  load  compared  with  non- 
stimulated  controls,  but  It  failed  to  prevent  the 
impairment  of  cardiovascular  system  from  lack  of  ex- 
ercise (there  was  no  significant  difference  in  the 
Increase  of  the  heart  rate  after  physical  load  be- 
tween the  stimulated  and  non-st Iraulated  groups). 
Similar  electrostimulation  in  conjunction  with  phys- 
ical exercise  prevented  the  deconditioning  of  the 
cardiovascular  system  (physical  load  caused  only  In- 
significant increase  in  the  heart  rate,  and  it  in- 
creased the  oxygen  consumption  per  kg  of  body  weight 
by  lot.  vs.  a 124  reduction  in  the  control).  Further 
experiments  will  be  necessary  to  determine  the  role 
of  muscle  electrostimulation  in  the  prevention  of 
hypokinesia- induced  disorders. 


sit90  A STUDT  OF  ENVIRONMENTAL  ELECTROMAGNETIC 

RADIATION  LEVELS.  ISXg.i  Wang,  J.  C. 
(Applied  Propagation  Branch,  Res.  and  Standards  DIv., 
Federal  Communications  Commission,  Washington,  DC 
2055lt).  15  pp;  December,  1977.  [Technical  Memo- 

randum, Federal  Communications  Commission,  Serial 
Mo.  k],  (9  refs) 

The  Federal  Communications  Commission's  work  In  eval- 
uating electromagnetic  radiation  levels  is  reviewed, 
and  calculated  and  measured  electromagnetic  radi- 
ation levels  In  the  vicinity  of  standard  broadcast 
transmitters,  freguency-modulated  (FM)  transmitters, 
television  (TV)  transmitters,  microwave  relay  sys- 
tems, devices  using  small  linear  antennas  (walkie 
talkies),  transmitting  earth  stations,  and  radars 
are  presented.  The  calculated  field  strength  for  a 
50-kW  amplitude  modulated  broadcast  transmitter  var- 
ies from  about  20  V/m  at  more  than  200  ro  from  the 
antenna  to  about  I ,000  V/m  at  about  k m from  the 
antenna.  For  a 5,000-kW  TV  transmitter,  the  calcu- 
lated field  strength  varies  from  about  4 V/m  to  1,000 
V/m  at  distances  of  about  200  m and  20  m,  respective- 
ly, from  the  antenna.  Power  densities  in  the  vicinity 
of  a microwave  relay  antenna,  which  Is  50  feet  above 
ground,  range  from  0.0*13  mW/cm-  at  0 m from  the  tower 
base  to  0.0037  mW/cm^  at  50  m from  the  tower  base. 

For  5.625-GHz  radar  with  an  average  power  of  157  W and 
an  antenna  diameter  of  1.82  m,  the  maximum  near-fleld 
power  density  1$  95.5  mW/cm-;  the  near  field  extends 
to  approximately  2*i  m.  In  the  far  field,  the  power 
density  decreases  from  95.5  mW/cm^  at  2*»  m to  *i7.75 
mW/cm^  at  *i8  m.  For  a large  transmitting  earth  sta- 
tion operating  at  a freguency  of  6 GHz  with  6,7*i*i  W 
of  power  fed  to  a 30-m  circular  dish  antenna,  the 
maximum  power  density  is  3.82  mW/cm^ , neglecting 
ground  reflection.  As  the  distance  from  the  earth 
station  antenna  doubles,  the  power  density  decreases 
by  6 dB. 


5*191  BIOLOGIC  EFFECTS  OF  ELECTRIC  AND  MAGNETIC 

FIELDS  ASSOCIATED  WITH  PROPOSED  PROJECT 
SEAFARER.  fSVuj.  7 Committee  on  Biosphere  Effects  of 
Extremely-Low-Freguency  Radiation.  (National  Research 
Council,  Washington,  DC).  k*i0  pp;  [available  through 
National  Technical  Information  Services,  Springfield, 
VA  22161,  Document  No.,  AD  A-lt2515]-  (5  refs) 


A report  on  the  possible  biologic  and  ecologic  effects 
of  electric  and  magnetic  fields  associated  with  the 
Seafarer  communication  system  proposed  by  the  Navy 
is  presented.  The  Seafarer  is  a system  designed  to 
provide  communication  with  submarines  and  other  mil- 
itary facilities  from  a single  transmitting  location 
In  the  United  States.  An  operating  frequency  of  76 
i *t  Hz  and  maximal  field  intensities  of  about  0.1 
V/m  and  0.37  G directly  over  antenna  cables  are  spe- 
cified for  the  Seafarer  system.  For  ground  terminal 
areas,  the  maximal  fields  would  be  15  V/m  and  0.1 1 
G.  Potential  effects  of  the  Seafarer  system  are 
reviewed  In  terms  of  harm  to  plants,  animals,  and 
humans.  It  Is  concluded  that  with  the  exception  of 
possible  electrical  shock  hazards,  the  fields  gen- 
erated by  the  Seafarer  system  will  not  cause  signif- 
icant and  adverse  biologic  disturbances.  No  spe- 
cific biologic  effects  that  will  definitely  result 
from  exposure  to  the  proposed  Seafarer  fields  can 
be  identified. 


5*t92  ELECTRICALLY  INDUCED  LESIONS  OF  THE  EYES. 

(Nor.)  Hetland-Eriksen,  J.  (Ullevael 
sykehus,  Avdeling  II,  oye,  Norway).  Ti-deskr.  Afor. 
Uieiinforen  97(23):  1 157-1158;  1977.  (7  refs) 

Observations  and  studies  on  eye  injuries  caused  by 
electric  shock,  short-circuit,  and  lightning  are 
reviewed.  Injury  of  the  eyes  Is  observed  In  about 
54  of  all  accidents.  The  electric  injuries  of  the 
eyes,  as  described  in  the  literature,  include  per- 
foration of  the  tarsus,  hemorrhagic  chemosis.  kera- 
titis, I ridocycl I t is,  miosis,  mydriasis,  dislocation 
of  the  lens,  electric  cataract,  detachment  of  the 
vitreous  body,  damages  of  the  retina  and  chorloid 
with  edema,  hemorrhage,  pigmentation,  and  white 
spots.  While  retinal  edema  Is  temporary,  pigmenta- 
tion and  white  spots  are  permanent.  Injury  of  the 
optic  nerves,  paresis  of  ocular  muscles,  nystagmus, 
and  ptosis  were  also  observed.  Electric  cataract 
develops  usually  2-6  mo  after  the  accident;  regres- 
sion Is  observed  in  few  instances  only.  Electric 
cataract  appears  to  be  due  to  the  Injurious  effect 
of  the  current  on  the  capsule  of  the  crystalline 
lens  with  subsequent  permeability  changes  and  alter- 
ation of  the  proteins  of  the  lens  fibers.  There  is 
no  evidence  of  the  cataract-inducing  effect  of  elec- 
troshock therapy. 

5<(93  MICROWAVE  RADIATION  NOT  KNOWN  TO  BE  TERA- 
TOGENIC (LETTER).  fEYuj. ) Wheater,  R. 

H.  (American  Medical  Association  Dept.  Environ- 
mental, Public,  and  Occupational  Health,  Chicago, 
IL);  Howen,  G.  G.  JAMA  238(8):  895;  1977.  (1  ref) 

The  possibility  of  teratogenic  defects  In  the  human 
fetus  resulting  from  the  use  of  a domestic  micro- 
wave  oven  Is  discussed,  and  mi crowave- I nduced  tera- 
togenesls  Is  reviewed.  Experiments  with  microwave 
radiation  on  lower  animals  have  demonstrated  the 
likelihood  of  Induction  of  chromosomal  aberrations 
in  the  form  of  inhibited  cell  differentiation.  Ab- 
normalities were  noted  In  the  brain,  eye,  wing  buds, 
and  heart  of  chick  embryos  that  were  exposed  to  20 
mW/cm^  for  280-300  min;  there  was  also  suppressed 
development  of  the  hind  limbs,  tall,  and  allantois. 
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Anomdlies  in  Ctflluldr  dev« lo|>ftiont  also  wrc*  observed 
In  the  pupae  ol'  the  "mealworm"  beetle.  However, 
there  Is  no  evidence  that  micrtjwave  radiation  causes 
teratoyenic  effects  In  the  human  fetus  under  con- 
ditions that  are  likely  to  be  encountered  in  the 
vicinity  of  domestic  microwave  ovens.  An  increased 
Incidence  of  Down's  syndrome  was  attributed  In  one 
study  to  occupational  exposure  of  the  father  to 
radar;  the  statistical  validity  of  the  study,  how- 
ever, Is  questioned.  With  respect  to  the  repro- 
ductive orqans,  microwave  radiation  is  presumed  to 
affect  only  the  male  qonads,  resulting  In  a tempo- 
rary aid  reversible  reduction  in  testicular  func- 
tion (I.e.,  depressed  sperm  count). 


Slt9li  RADIO  ENERGY  HEAL  INC--MEDIC  INE  OR  HYTN 

(LETTER  TO  EDITOR) . ' Liqhtwood, 

R.  (Queen  Elizabeth  Hosp.,  Edqbaston,  BIrminqham 
BIS  2TH,  England).  .Vr.'.;  »>v  1(1*):  2}l;  1977. 

(7  refs) 

A more  thorough  Investigation  into  the  therapeutic 
benefits  of  athermlc  pulsed  radio  frequency  Is 
urged.  The  author  notes  that  a variety  of  ailments 
and  Injuries  have  improved  under  the  Influence  of 
athermlc  radio  frequency  therapy  including  arth- 
ritis, soft  tissue  Injuries,  and  burns  and  that  no 
serious  contraindications  to  treatment  at  a fre- 
quency of  27  HHi  have  been  found. 


5I*9S  PRELIMINARY  CLINICAL  RESULTS  OF  COMBINED 

933  megahertz  microwave  THERAPY  AND  RAD- 
IATION THERAPY  ON  PATIENTS  WITH  ADVANCED  CANCER. 

' Hornback,  N.  B.  (Dept.  Radiation  Oncology, 
Indiana  Univ.  Sch.  Medicine,  1100  West  Michigan  St., 
Indianapolis,  IN  96202);  Shupe,  R.  E.;  Shidnia,  H. ; 
Joe,  B.  T.;  Sayoc,  E.;  Marshall,  C.  .\puvt'  90(6): 
28S9-2863;  1977.  (52  refs) 

The  efficacy  of  combining  microwave  radiation  with 
lonliing  radiation  for  the  treatment  of  70  patients 
with  far-advanced  hi stological ly  proven  malignancies 
refractory  to  standard  forms  of  treatment  was  Inves- 
tigated. Each  patient  received  20  min  of  933.92- 
MHt  microwave  radiation  to  the  local  tumor  area 
imnediately  prior  to  receiving  Ionizing  radiation 
at  a total  treatment  dose  that  did  not  exceed  a 
midllne  tumor  dose  of  3.000  rads  In  previously  Ir- 
radiated areas  or  6,000  rads  in  previously  unlrrad- 
lated  .ireas.  Of  20  patients  who  completed  the 
planned  course  of  treatment  and  were  followed  for 
at  least  9 mo,  90i  experienced  complete  subjective 
relief  of  their  symptoms  and  \0t  received  partial 
pain  relief.  Excellent  local  tunwr  regression  was 
noted  In  the  majority  of  patients,  and  16  (80t)  had 
complete  regression  of  all  tumor  In  the  treated 
area.  Of  these  16  complete  responders,  9 are  alive 
9-19  mo  after  treatment  without  evidence  of  disease. 
All  patients  tolerated  the  treatment  well.  The 
average  rise  in  skin  surface  temperature  after  the 
20  min  of  hyperthermic  microwave  treatment  was  3.5 
C.  Although  definite  conclusions  from  this  small 
nonrandomi zed  study  can  not  be  drawn,  the  results 
confirm  the  Impression  that  the  effects  of  radlatUvi 
are  enhanced  by  microwave- Induced  hyperthermia. 


S9g6  RAT  LYMPHOCYTES  IN  CELL  CULTURE  EXPOSLD 
TO  2950  NN2  (CW)  MICROWAVE  RADIATION. 

(.VSy,  Hainrlck,  P.  E.  (Natl.  Inst.  Envl  ronmrntal 
Health  Sciences,  P.O.  Box  12233,  Research  Triangle 
Park,  NC  27709);  Fox,  S.  S.  .•tx.vr 

12(2);  125-132;  1977.  (28  refs) 

The  stimulaticm  of  cultured  lyiiyhocytes  by  micro- 
wave  irradiation  was  investigated,  and  the  uptake 
of  tritiated  thymidine  by  these  cultures  was  c<xn- 
t>ared  with  that  of  control  cultures.  Rat  lympho- 
cytes were  exposed  to  continuous  wave  2.950-MNz 
microwave  radiation  at  intensities  of  5.  ID,  and 
20  mW/cm'  , and  the  cor resiKind I ng  rates  of  energy 
absorption  were  0.7,  1.9,  and  2.8  mW/g,  respective- 
ly. When  lymphocytes  were  exposed  for  9,  29,  or 
99  hr  to  the  above  microwave  Intensities,  with  oi 
withcsut  the  addition  c'f  phy  tohemaggl  ut  I n I n , the 
transformation  of  lymphocytes  Into  lymphoblasts 
was  nxjnitored  by  the  addition  of  tritiated  thymi- 
dine. Nv>  significant  differences  (P- .05)  were 
observed  in  the  uptake  of  tritiated  thymidine 
between  mi c rowave-expc'sed  cultures  and  control  cul- 
tures. Based  on  these  negative  results  and  nega- 
tive results  reiH'rted  by  others,  there  Is  still 
considerable  question  as  to  whether  microwaves  can 
cause  In  vitro  lymphircyte  transformation  or  affect 
the  response  of  lymphocytes  to  mitcrgens. 

9997  EFFECTS  OF  2. 6-9.0  GHZ  MICROWAVE  RADIATION 
ON  E-COL  I B.  ifhu;,  I Corel 'I,  J.  C. 
(Rensselaer  Polytechnic  Inst.,  Troy.  NY  12181);  Gut- 
mann,  R.  J.;  KohazI  , S.  ; Levy.  J.  »'  W: 

12(2):  191-199;  1977.  (8  refs) 

The  effects  of  2.6-9.0-GHz  mlcrcrwave  radlatlcm  on 
colony  forming  ability  (CFA)  and  molecular  structure 
of  living  .5'a."hc;r!,’9:.i  b'  bacterial  colls  in  an 

aqueous  suspension  were  Investigated.  Alteraticrns 
in  molecular  structure  were  investigated  by  com- 
paring the  Infrared  spectrum  of  irradiated  and 
unirradiated  cell  cultures.  When  cells  were  ex- 
posed for  10  hr  to  micrcrwave  radiation  at  absorbed 
power  levels  of  about  19  mW  (specific  absorption 
rate  of  20  W/kg) . no  ml crcwvave- 1 nduced  effects 
were  observed  In  terms  c’f  either  CFA  or  molecular 
structure.  It  was  Ccsncluded  that  micrirwave  expcr- 
sure  at  the  abcwe  parameters  affected  neither  via- 
bility nor  the  molecular  Integrity  of  this  partic- 
ular strain  of  Ka.’hc.’Pi.’ht.i  ,v;!. 

5998  biological  EFFECTS  OF  EXTREMELY  LOW  FRE- 
QUENCY electric  and  MAGNETIC  FIELDS;  A 
REVIEW.  I.FYii.'.j  Marino,  A.  A.  (Veterans  Admin. 
Hosp.,  Syracuse.  NY  13210);  Becker,  R.  0.  JX:,,--!,'.' 

.Ttor  9(2):  131-197;  1977.  (122  refs) 

The  blolcsglc  effects  of  extremely  low  frequency 
(less  than  100  Hz)  electric  and  nugnetlc  fields  a^e 
reviewed.  Acute  electric  field  exposure  Is  gen- 
erally associated  with  effects  c>n  behavior,  and 
there  are  repcrrts  linking  such  exposure  with  altera- 
tions In  human  reaction  time.  Chronic  electric 
field  exposure  Is  generally  found  ter  affect  growth, 
often  producing  retardation  In  development.  For 
example,  day-old  chicks  expersed  to  a non-uniform 
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maKimuri  electric  field  of  3S  V/cm  exhibited  de* 
pressed  body  weights,  which  were  significant iy  lower 
than  those  of  controls  after  22  days  of  exposure  to 
4S  Hi  or  28  days  of  exposure  to  60  Hi.  There  is 
also  evidence  Chat  chronic  exposure  Is  a biologic 
stressor.  Acute  exposures  to  magnetic  fields  have 
been  associated  with  the  production  of  phosphenes, 
changes  in  reaction  time  and  cc>gnitlve  function 
in  humans,  and  loconutor  activity  level  changes  in 
animals.  Chronic  exposure  to  low-strength  magnetic 
fields  Is  generally  associated  with  some  effect  on 
grixth  or  physiology.  For  example,  significant  in- 
creases In  serum  triglycerides  have  been  observed 
1*2  days  after  the  exposure  of  human  subjects  to 
I G at  H2  for  I day.  Soviet  epidemiologic 
studies  have  indicated  the  presence  of  neurologic 
or  cardiovascular  disorders  In  high-voltage  switch- 
yard wi>rLers  during,  and  shortly  after,  field  ex- 
posure. Exposure  to  extremely  K>w  frequency  elec- 
tromagnetic fields  has  also  been  associated  with 
changes  In  bird  orientation  and  alteration  in  plant 
growth.  Since  neither  extremely  low  frequency 
electric  fields  applied  In  air  not  extremely  low 
frequency  magnetic  fields  up  to  at  least  200  G can 
induce  Joule  heating  in  biologic  tissue,  the  ob- 
served biologic  effects  are  not  thermal  In  origin. 


S499  COMPARISON  OF  NATIVE  AND  MICROWAVE  IRRAD- 
IATED ONA.  Varma,  M.  M.  (Blo- 

Cnv i ronmenta I Engineering  and  Sciences  Res.  Lab., 

Sch.  Engineering,  Howard  Univ.,  Washington,  DC  200S9) 
Traboulay,  E.  A.  fa*;vr: uj  33(12):  I6i»9"l650;  1977. 
(9  refs) 

Changes  Induced  in  testicular  deoxyribonucleic 
acid  (ONA)  from  Swiss  mice  Irradiated  (testes  only) 
for  30  min  with  l.7*‘GHz  microwaves  at  a power 
density  of  SO  mW/cm*  are  reported.  Although  there 
was  no  difference  in  the  DNA  base  ratios  between 
irradiated  mice  and  sham- I rradlated  control  mice, 
the  asyninetry  ratio  for  Irradiated  mice  was  1.6 
compared  with  1.32  for  controls.  A hyperchromic 
shift  from  a control  value  of  30?:  to  a value  of 
241  In  Irradiated  testicular  DNA  samples  was  ob- 
served along  with  a change  In  the  melting  tempera- 
ture of  DNA  from  a control  value  of  87  C to  a value 
of  85  C for  irradiated  samples.  These  observations 
support  the  possibility  that  microwave  radiation 
causes  DNA  strand  separation,  since  changes  In  the 
optical  density  of  DNA  reflect  a decrease  In  hydrogen 
bending  In  the  molecule.  Consequent ly , It  Is  sug- 
gested that  a point  mutation  could  occur  If  there 
were  Imprecise  base  pair  matching. 


5S00  microwave  REFLECTION  AND  TRANSMISSION 

MEASUREMENTS  FOR  PULMONARY  DIAGNOSIS  AND 
MONITORING.  Pedersen,  P.  C.  (Dept.  Elec- 

trical Engineering,  Drexel  Unlv.,  Phi ladelphia,  PA 
19104).  Johnson,  C.  C.;  Ourney,  C.  H. ; Bragg,  0.  G. 

kM.;  2S(l):  1878.  (J1  refs) 

T!«t  feasibility  of  using  low  Intensity  microwave 
energy  for  early  detection  of  lung  diseases^  such 
as,  pulmonary  edema  and  emphysema  as  well  as  for 
monitoring  changes  In  total  lung  water  was  Inves- 
tigated. Two  separate  techniques  were  evaluated: 


1 

\ 


microwave  reflection  from  the  lung  and  microwave 
transmission  through  the  lung.  Single  frequency 
reflection  measurements  at  frequencies  of  85O  and 
900  MHz  in  20  healthy  human  subjects  indicated 
that  correlation  of  the  measured  reflection  coeffi- 
cient with  lung  water  content  Is  difficult,  as  the 
reflection  ct>efflcient  Is  predonUnant  ly  determined 
oy  the  superficial  tissue  layers.  However,  re- 
flection measurements  on  one  dog  at  a frequency 
of  915  MHz  and  on  another  dog  at  870  MHz  Indicate 
that  the  single-frequency  reflection  technique  Is 
feasible  for  nvnltoring  app  I icaC ions . Experiments 
with  three-layer  phantom  ntodels  of  the  huoMu  thorax 
provided  direct  evidence  of  detecting  changes  in 
total  lung  water  with  transmission  o>edSuren>ent s , 
and  the  agreement  of  experimental  data  with  theo- 
retical calculations  denwnstrated  that  absolute 
nwasurements  of  total  lung  water  can  be  nvide  In 
phanltxns.  A correlation  of  theoretic  calculations 
for  microwave  transmission  through  the  hiiman  chest 
with  experimental  data  on  normal  human  subjects 
exposed  to  frequencies  swept  over  the  range  of  8OO 
to  about  950  MHz  Indicated  that  the  transmission- 
line  model  may  provide  a sufficiently  accurate  rep- 
resentation of  the  transmission  measuren*ent  process. 
Overall,  it  Is  concluded  that  low  intensity  micro- 
wave  radiation  may  have  value  as  a noninvastve  di- 
agnostic too) . 


5501  USE  OF  MICROWAVE  IRRADIATION  TO  PREVENT 

POSTMORTEM  CATECHOLAMINE  METABOLISM:  EVI- 
DENCE FOR  TISSUE  DISRUPTION  ARTIFACT  (N  A DISCRETE 
REGION  OF  RAT  BRAIN.  ’ Sharpiess.  N.  S. 

(Dept.  Psychiatry,  Albert  Einstein  Coll.  Medicine, 
Bronx,  NY  I046l);  Brown,  L.  L.  .SVa  l40(t); 

171-176;  1978.  (19  refs) 

Microwave  radiation  was  used  to  inactivate  rat  brain 
tissue  enzymes  in  an  attempt  to  obtain  values  for 
dopamine  (DOP)  and  norepinephrine  (N€P)  levels  con- 
sistent with  true  endogenous  concentrations.  In 
the  septum  of  rats  killed  by  a 6-sec  exposure  to 
1.3  kW  of  focused  microwave  radiatior.  at  a frequency 
of  2,450  MHz.  the  mean  DOP  level  U7.I  - 2.b  ng/mg 
protein)  was  nwirkedly  and  significantly  higher  than 
levels  In  the  septum  of  rats  killed  by  either  decap- 
itation (12.5  ^ 1*0  ng/iwg)  or  liquid  nitrogen  (|l*.0 
i 1.2  ng/mg).  When  the  rats  were  killed  10  min 
before  microwave  irradiation,  allowing  time  for 
postmortem  metabolism,  DOP  levels  In  the  septum 
(34.5  S 3-9  ng/mg)  were  also  Increased.  In  contrast, 
the  mean  NEP  level  In  the  septum  of  rats  killed  bv 
microwave  radiation  (7.2  ♦ 0.7  ng/mg)  was  signif- 
icantly decreased  with  respect  to  that  of  rats 
killed  by  decapitation  (11.7  *-  l.l  ng/nxi)  or  bv 
liquid  nitrogen  (11.4  1 1.0  ng/mg).  In  the  caudate, 
the  mean  DOP  level  for  rats  killed  by  microwave 
irradiation  was  significantly  Uw<#er  (86.4  t S.4 
ng/mg)  .han  that  In  rats  killed  bv  liquid  nitrogen 
inwersion  (119-2  ^ 10.8  ng/mg),  while  NEP  levels 
were  not  different.  Using  a sensitive  histochemical 
fluorescence  method  to  determine  the  cellular  local- 
ization of  the  catecholamines,  evidence  was  found 
suggesting  that  the  increased  DOP  levels  In  micro- 
wave-killed  rats  were  not  caused  by  rapid  inactiv- 
ation of  cateclk^lamine  degradatory  enzymes  but 
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rather  by  disruption  of  cell  membranes  and  pressure- 
induced  spread  of  OOP  from  the  caudate  to  the  ad- 
jacent septum.  It  is  concluded  that  1.3-kW  micro- 
wave  irradiation  is  not  a suitable  method  to  pre- 
pare brain  tissue  when  regional  catecholamine  lev- 
els are  being  measured. 


5502  BEHAVIORAL  AND  THERMAL  EFFECTS  OF  MICRO- 

WAVE  radiation  at  resonant  and  nonresonant 
WAVELENGTHS.  (Eruj.)  D'Andrea,  J.  A.  (Dept.  Elec- 
trical Engineering,  Univ.  Utah,  Salt  Lake  City,  UT 
Ski  12);  Gandhi,  0.  P.;  Cords,  J.  L.  Radio  Sai  12 
(6S):  251-256;  1977.  (12  refs) 

Behavioral  and  thermal  effects  of  microwave  radia- 
tion in  Long-Evans  rats  were  investigated  at  dif- 
fering wavelengths  and  at  various  power  densities. 

In  one  study  five  rats  were  trained  to  perform  a 
lever-pressing  task  and  were  rewarded  with  food  on 
a variable  interval  schedule  of  reinforcement. 

Rats  were  individually  exposed  in  random  order  to 
kOO,  500,  600,  and  700-MHz  continuous  wave  (CW)  rad- 
iation at  a power  density  of  20  mW/cm^  with  the  long 
axis  of  the  rat's  body  parallel  to  the  vector  of 
the  electric  field.  Radiation  at  all  wavelengths 
produced  rises  of  body  temperature  and  stoppage  of 
lever  pressing,  with  the  averaged  rise  in  body 
temperature  being  the  greatest  and  work  stoppage 
being  most  rapid  during  exposures  at  600  MHz.  In 
a second  study,  six  rats  were  exposed  in  random 
order  to  600-MHz  CW  radiation  at  power  densities  of 
5,  7.5.  10,  and  20  mW/cm^  while  performing  the  same 
lever-pressing  task.  Exposures  at  10  and  20  mW/cm^ 
resulted  in  wrk  stoppage,  while  exposures  at  5 and 
7.5  mW/cm^  did  not.  In  addition,  three  of  the  rats 
were  subsequently  exposed,  while  responding,  to 
600-MHz  pulsed  radiation  (1,000  pulses/sec,  3-  or 
30-usec  pulse  durations  at  a peak  power  density  of 
170  mW/cm^,  averaged  0.5I  and  5-'  mW/cm^).  Mo  work 
stoppa<ie  occurred  in  response  to  this  pulsed  radi- 
ation. Overall,  the  data  show  that  the  mature 
Long-Evans  rai  Is  resonant  at  a frequency  of  near 
600  MHz  and  that  wr,rk  stoppage  during  short-term 
exposures  to  600-MHz  r.idlation  occurs  at  a power 
density  between  7-5  and  1C  "'W/cm^. 


5503  ARE  THERE  BIOLOGICAL  AMO  PSYCHOlOr.lCAL 

EFFECTS  DUE  TO  EXTRA  HIGH  VOLTAGE  INSTAL- 
LATIONS? (Etui.)  Atolan,  G.  E.  (SSL  Engineers 
affiliated  with  Sargent  S Lundy,  6151  W.  Century 
Blvd.,  Suite  920,  Los  Angeles,  CA  90045).  fEEE 
Trans  Power  Apparatus  Systems  97(1):  8-18;  1978. 

(76  refs) 

Laboratory  and  field  investigations  on  the  biologic 
and  psychologic  effects  of  extra  high  voltage  (EHV) 
electric  power  Installations  are  reviewed.  The 
bulk  of  these  investigations  suggest  that  there  is 
no  conclusive  evidence  supporting  the  hypothesis 
that  there  might  be  significant  long-term  biologic 
and  psychologic  ill  effects  from  EHV  installations 
using  the  present  commercial  frequencies  of  50-60 
Hz.  Russian  investigators  have  reported  that  a 
number  of  switchyard  workers  have  complained  of  an 
increase  In  excitability,  headaches,  drowsiness. 


and  other  symptoms.  However,  these  investigators 
report  a maximum  level  of  27  kV/m  In  their  500-kv 
switchyards;  whereas,  the  maximum  field  levels  in 
the  United  States  are  below  9 kV/m.  Also,  the 
Soviets  may  have  Ignored  or  not  reported  other 
factors  present  in  the  switchyard,  such  as,  ozone 
concentration,  Infrasonlc  acoustical  noise,  and 
gaseous  pollutants  that  could  cause  similar  effects. 
A review  of  various  studies  on  the  effects  of  EHV 
installations  also  reveals  the  need  for  an  inter- 
disciplinary approach  to  better  understand  and 
assess  the  limits  of  stress  with  regard  to  EHV 
fields. 


5504  ENVIRONMENTAL  CONSIDERATIONS  CONCERNING 
THE  BIOLOGICAL  EFFECTS  OF  POWER  FREQUENCY 

(50  OR  60  HZ)  ELECTRIC  FIELDS.  (Eng.)  Bridges,  J. 
E.  (I  IT  Res.  Inst.,  10  West  35th  St.,  Chicago,  IL). 

IEEE  Trans  Power  Apparatus  Systems  97(1):  19-32; 
1978.  (71  refs) 

A comprehensive  literature  survey  of  studies  on  the 
biologic  effects  of  50-60  Hz  high-voltage  electric 
fields  is  presented  to  illustrate  that  conflicting 
findings  may  be  due  to  the  failure  of  investigators 
to  consider  other  possible  biologically  significant 
environmental  influences.  Research  results  '1 
Western  Europe  and  America  have  failed  to  ovide 
any  evidence  that  human  exposure  to  prese  levels 
of  electric  fields  from  high  voltage  cvr  ead 
power  lines,  as  normally  encountered,  hu  ly  harm- 
ful biologic  effect.  On  the  other  hand,  Russian 
and  Spanish  studies  report  complaints,  such  as, 
excl tab! I i ty,  headaches,  drowsiness,  fatigue,  and 
nausea  among  workers  in  high-voltage  switchyards. 
However,  the  disparity  of  results  may  be  attributed 
to  differences  between  the  environments  found  near 
high-voltage  lines  and  within  switchyards.  High 
levels  (104  dB)  of  120-Hz  sound  have  been  measured 
in  switchyards,  and  this  noise  could  produce  symp- 
toms similar  to  those  reported  for  switchyard  work- 
ers. Other  possible  biologically  significant  en- 
vironmental influences  include  repeated  spark  dis- 
charges and  the  chemical  environment.  A review  of 
numerous  other  studies  on  the  biologic  effects  of 
low-frequency  electric  fields  reveals  that  the 
total  environment  has  been  similarly  neglected. 

5505  CHANGES  IN  CHROMOSOME  MORPHOLOGY  DUE  TO 

MAGNETISM.  fE>ut.  ) Goswami . H.  K.  (Sec- 
tion Genetics,  Sch.  Biological  Sciences.  Bhi-pal 
Univ.,  Bhopal,  India).  Cytologia  (Tokyo’  42(374): 
639-644;  1977.  (17  refs) 

The  effect  ol  a strong  uniform  magnetic  field  (7,400 
Oe)  on  the  morphology  of  chromosomes  in  roots  of 
Pisum  sativum  and  A.i'ur  sativum  was  investigated. 
When  the  roots  were  exposed  intermittently  to  the 
magnetic  field  for  periods  of  10-15  rain,  uncoiling 
of  the  genome  and  a piercing  of  the  chromosome  ends 
in  the  cell  wall  (probably  the  plasma  mrmur me) 
were  seen  in  the  case  of  Allium  sativum.  Such 
cells  did  not  show  t le  signs  of  a nuclear  membtane, 
Indicating  that  the  uncoiling  of  each  chromosome 
started  during  late  prophase  and  prometaphase. 
Splitting  and  separation  of  chromonemata  were  also 
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observed.  The  above  observations  resemble  the  usual 
features  of  prokaryotic  cells,  nnd  these  observa- 
tions In  a eukaryotic  cell  Indicate  the  strong  Im- 
pact of  the  intermittent  magnetic  field  on  the 
chromosomes.  The  magnetic  field  also  brought  about 
an  uncoiling  of  chromosomes  at  later  stages  of  the 
cell  cycle.  In  Jhaien  aofii’icn  root,  long  uncoiled 
chromosomes  with  parallel  chromatids  were  drawn 
opposite  to  each  other  (pseudo-anaphase)  due  to 
magnetic  field  exposure.  Chrotxjsome  breaks  were 
frequently  observed  after  magnetic  field  exposure. 
When  exposed  n.itii’um  cells  were  placed  In  a 

glucose  solution,  a small  metacentric  chriwvisome 
was  often  seen.  This  type  of  chrivnosome  Is  not 
found  In  the  karyotype  of  I'tKun  tt.jf  n’u.”!,  and  Its 
presence  Is  assumed  to  be  due  to  the  magnetic 
exposure. 


5506  HAZARDS  OF  NON- IONIZING  RADIATIONS.  ' 

Anonymous  (No  affiliation  given). 

100(1):  bO-61;  1978.  (}  refs) 

Hazards  of  nonionizing  radiation  are  discussed  In 
relation  to  the  Increasing  numbers  of  man-nwide 
sources  of  such  radiation.  There  were  about  250,000 
microwave  communication  towers  In  1972,  and  the  av- 
erage power  output  capabilities  of  3-GHz  microwave 
generators  Increased  by  a factor  of  about  10®  since 
the  end  of  World  War  II.  About  2,000,000  people 
are  treated  annually  with  microwave  diathermy.  By 
1980  about  5.000,000  microwave  ovens  are  predicted 
to  be  In  use.  Also,  solar  power  stations  beaming 
energy  to  the  earth  via  microwaves  have  been  pro- 
posed. American  Investigators  have  found  no  con- 
clusive evidence  for  hazardous  effects  of  nonion- 
izing radiation  in  man  at  levels  of  100  mW/cm‘ , and 
there  appear  to  be  no  effects  at  a tenfold  lower 
level  of  10  mW/cm^ , which  has  been  adopted  In  the 
United  States  and  many  other  western  countries  for 
continuous  exposure.  However,  the  standard  for 
safe  continuous  exposure  in  the  USSR  and  other 
east-European  countries  Is  0.01  mW/cm-’  because  of 
the  belief  that  microwaves  have  a direct  nonthermal 
effect  on  the  central  nervous  system  that  manifests 
Itself  In  symptoms,  such  as,  headaches,  fatigue, 
general  malaise,  and  neurastheni .1 . Even  If  1 x- 
level  effects  do  exist,  one  cannot  conclude  that 
the  mechanism  Is  nonthermal  merely  because  the 
average  body  temperature  has  not  changed:  local 
temperature  rises  could  be  produced  by  microwave 
absorption,  and  these  local  thermal  effects  may 
constitute  the  mechanism  rather  than  a direct  cen- 
tral nervous  system  effect. 


(10  Msec)  microwaves.  For  laboratory  animals  ex- 
posed to  2,450-HHz  rectangular  microwave  pulses  at 
a peak  absorption  rate  of  1 W/g,  the  predicted 
fundamental  frequency.  Induced  pressure,  and  dis- 
placement are  45  kHz,  4.08  dyne/cm-’,  and  2.16  x 
lO'*’  cm,  respectively,  for  the  guinea  pig  and  JO 
kHz,  3.69  dyne/cm-’,  and  1.51  x 10  **  cm,  res pec  live* 
ly*  for  the  cel.  For  honwins  exposed  to  9lB  HH/ 
rectangular  microwave  pulses  at  a peak  absorption 
rate  of  1 W/g,  the  predicted  fundantcntal  frequency. 
Induced  pressure,  and  dt solacenrent  are  l8  kHz,  S.61 
dyne/cm*,  and  9.3*«  * 10  cm,  respectively,  tor  a 
hunwin  infant  and  13  kHz,  6.62  dyne/cm',  and  ).9/ 

X 10  cm,  respectively,  for  an  adult  hunran.  The 
abi^ve  data  will  be  useful  for  threshold  studies  on 
exposure  Co  microwave  radiation  and  rrviy  also  serve 
as  a guide  to  the  design  of  laboratory  experlntents 
aimed  at  resolving  the  exact  mechanism  of  interac* 
tion  In  terms  of  the  signal  levels  and  frequency 
responses  of  test  Instruments. 


6S06  inhibition  of  tuhor  growth  in  micf  by 

MICROWAVE  HYPERTHERMIA,  STREPTOLYSIN  S 
AND  COLCEMIDE.  Szmiglelski  , S.  (Center 

for  Radloblology  and  Radioprotection,  00-909  War- 
saw, Poland);  Pulverer,  G.;  Hrynlewlcz,  W. ; Janlak, 
M.  R.UiV  .‘-Vi  I2(6S):  185-189;  1977.  (35  refs) 

The  effect  of  whole-body  microwave  hyperthermia  on 
tumor  growth  In  mice  was  investigated.  CFW  mice 
with  transplanted  Sarcoma  I80  were  Irradiated  with 
3-GHz  microwaves  at  a power  density  of  40  mW/cnv 
for  2 hr/day  from  day  1-14  after  tunxsr  transplanta- 
tion. The  Irradiation  resulted  in  an  Increase  of 
3-4  C In  rectal  temperature.  Some  of  these  irrad- 
iated anlnwls  received  dally  1 nt raper I tonea I Injec- 
tions of  Colcemlde  (1  mg/kg)  and/or  purified  Strep- 
tolysin S (0.5  mg/kg).  An  examination  of  dissected 
tumors  on  day  14  after  transplantation  revealed 
that  microwave  hyperthermia  resulted  in  about  a 
40t  reduction  In  the  tunxir  mass.  This  reduction 
was  enhanced  when  microwave  hyperthermia  was  com- 
bined with  Colcemlde  and/or  Streptolysin  S;  the 
tumor  mass  was  reduced  by  about  702  when  all  three 
agents  were  combined.  Inhibition  of  tumor  growth 
was  accompanied  by  reduced  uptake  of  tritiated 
thymidine  and  tritiated  uridine  Into  the  tumorous 
tissues.  It  Is  concluded  that  whole  body  microwave 
radiation,  even  If  repeated  dally  for  2 wk.  Is  a 
safe  and  nonlnvaslve  treatment  that  leads  to  Inhib- 
ition of  tunx>r  growth  and  that  this  Inhibition  can 
be  enhanced  when  microwave  hyperthermia  Is  combined 
with  nonspecific  bacterial  products  and  agents  that 
Influence  the  cell  cycle. 
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(discriminative  operant  reward  conditioning  and 
Sidman  avoidance)  in  female  Sprague-Dawley  albino 
rats  were  investigated.  Exposure  to  2.ii5"GHz  rad- 
iation at  an  averaged  specific  absorption  rate  of 
2.3  mW/g  produced  a pronounced  increase  in  loco- 
motor activity  relative  to  both  preirradiation 
baseline  values  and  to  activity  levels  of  sham- 
irradiated  controls.  Microwave  irradiation  also 
disrupted  differential  responding  during  tests  of 
an  appetitively  reinforced  operant  behavior.  Ir- 
radiation had  no  differential  effects  on  the  per- 
formance of  a Sidman  avoidance  response.  The  ob- 
served effects  emerged  almost  Immediately  after  the 
initiation  of  microwave  irradiation  and  persisted 
throughout  the  course  of  a 22-wk  sequence  of  ex- 
posures to  radiation.  Periodic  rectal  temperature 
measurements  revealed  no  indication  of  whole-body 
temperature  elevation  in  irradiated  rats.  The  ob- 
served behavioral  effects  are  consistent  with  a 
general  activation  hypothesis  and  suggest  microwave- 
induced  alterations  in  the  function  of  the  central 
nervous  system. 


5510  PROGRESS  IN  CLOSTRIDIAL  ONCOLYSIS  AND 

DIAGNOSIS.  (Eng.)  Gericke,  0.  (Hoechst 
AG,  Frankfurt/M.,  W.  Germany).  Rev  Can  Biol  36 
(3):l95-203;  1977-  (17  refs) 

Tumor-bearing  animals  were  conditioned  with  short- 
term microwave- induced  hyperthermia  at  various  times 
before  the  administration  of  Clostridium  oneolytioum, 
strain  butyriaum  (H  55)  to  enhance  the  oncolytic 
action  of  the  Clostridia  strain.  Ehrlich  carcinoma 
that  were  subjected  to  hyperthermia  12  hr  prior  to 
Clostridia  administration  showed  statistically  sig- 
nificant increases  in  the  degree  of  oncolysis  and  the 
percentage  of  animals  with  oncolysis.  Oncolysis  was 
observed  in  61.3  ± 2.9^  of  the  animals  receiving  this 
combined  treatment  compared  with  27.6  ± 1.5%  of  ani- 
mals receiving  Clostridia  alone  and  0%  for  animals 
receiving  hyperthermia  alone  or  no  treatment  (con- 
trols). The  tumor  volumes  measured  in  the  above 
experimental  groups  were  1.27  ± 0.10,  2.36  t 0.07, 
2.04  ± 0.14,  and  2.85  ± 0.11  ml,  respectively.  The 
enhancement  of  the  oncolytic  action  of  Clostridia 
by  pretreatment  of  tumors  with  hyperthermia  was 
also  observed  in  methylcholanthrene-induced  fibro- 
sarcoma and  in  Harding-Passey  melanoma.  Hyperthermia 
plus  Clostridia  treatment  in  the  former  tumor  re- 
sulted In  oncolysis  in  22.4  ± 3-17%  of  the  animals 
treated  compared  with  I.l6  ± 0.36%  for  animals 
treated  with  Clostridia  alone  and  0%  for  animals 
treated  with  hyperthermia  alone  and  untreated  con- 
trols. The  tumor  volumes  measured  in  the  above  ex- 
perimental groups  were  1.85  ± 0.19,  2.29  i 0.15, 

2.07  ± 0-51,  and  2.48  ± 0.18  ml,  respectively. 

Similar  treatments  In  Harding-Passey  melanoma  resul- 
ted in  tumor  volumes  of  1.614  ± 0.13,  2.487  ± 0.10, 
3.231  ± 0.20,  and  2.606  ± 0.13  ml,  respectively, 
and  oncolysis  rates  of  89-41  i 3.03,  14.77  ± 2.42, 

0,  and  0%,  respectively.  A dose-dependent  effect  of 
hyperthermia  was  demonstrated.  After  60  sec  of 
microwave- induced  hyperthermia,  the  number  of  com- 
pleted lysed  cells  in  the  Harding-Passey  melanoma 
was  only  30%  compared  with  84%  after  a l80-sec 
treatment.  It  was  also  observed  that  the  optimum 
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interval  between  hyperthermia  treatment  and  Clostri- 
dia administration  was  specific  to  the  type  of  tumor 
treated  (data  not  indicated). 


5511  CHANGES  IN  THE  SHAPE  OF  HUMAN  ERYTHROCYTES 

UNDER  THE  INFLUENCE  OF  A STATIC  HOMOGEN- 
EOUS MAGNETIC  FIELD.  (Eng.)  Leitmannova,  A. 
(Humboldt-Universi tat  zu  Berlin,  Sektion  Biologie, 
Bereich  Biophysik  und  Sektion  Chemie,  Bereich 
Magnetochemle,  104  Berlin,  W.  Germany);  Stosser, 

R.;  Glaser,  R.  Acta  Biol  Med  Ger  36(5/6):  931- 
934;  1977.  (5  refs) 

Changes  in  the  shape  of  huntian  erythrocytes  exposed 
to  a static  homogeneous  magnetic  field  are  reported. 
Over  a magnetic  field  strength  range  of  1-11.1  kOe, 
a transformation  of  echlnocytes  into  discocytes, 
stomatocytes , and  hemolyzing  cells  occurred.  The 
number  of  transformed  echlnocytes  depended  on  both 
the  exposure  time  and  on  the  magnetic  field  strength, 
and  the  ratio  of  newly  formed  discocytes  to  newly 
formed  stomatocytes  was  dependent  on  the  field 
strength.  The  transformation  effects  observed  can 
be  divided  into  three  ranges  of  magnetic  field 
strength.  The  first  range  extends  from  about  1-4.6 
kOe,  with  a maximum  occurring  at  2.5  kOe.  This 
range  Is  typical  for  fields  causing  phase  transitions 
in  fluid-crystalline  systems  and  analogous  struc- 
tured biologic  model  membranes.  In  the  second  range 
(4. 6-8. 9 kOe) , there  is  a minimum  in  the  number  of 
erythrocyte  transformations.  The  third  range  (8.9- 
11.1  kOe)  is  characterized  by  a strong  increase  In 
the  number  of  transformed  cells.  In  this  range 
the  field  begins  mainly  to  influence  macromolecular 
components  with  a large  anisotropy  of  the  magnetic 
susceptibility.  Based  on  the  field  strength  and 
time  interval  required  for  echinocyte  transformation, 
it  is  assumed  that  it  was  not  the  primary  Influence 
of  the  magnetic  field  on  the  erythrocytes  that  was 
observed  in  these  experiments.  Rather,  the  shape 
of  human  erythrocytes  must  be  regarded  as  a meta- 
stable state,  which  is  determined  by  the  surface, 
volume,  and  plane  inhomogenel t les  of  certain  mechan- 
ic membrane  parameters,  such  as,  bending  elasticity 
and  viscosity. 


5512  OPERANT  BEHAVIOR  AND  COLONIC  TEMPERATURE 
OF  SQUIRREL  MONKEYS  (SAIMIRI  SCIUREUS) 
DURING  MICROWAVE  IRRADIATION.  (Eng.)  de  Lorge,  J. 
0.  (Naval  Aerospace  Medical  Res.  Lab.,  Naval  Air 
Station,  Pensacola,  FL  32508).  33  pp.;  1977- 

[available  through  National  Technical  Information 
Services,  Springfield,  VA  22161,  Document  No. 

AD  A043706].  (6  refs) 

Squirrel  monkeys  (Saimiri  soiureus)  on  a vigilance 
task  were  exposed  for  30  or  60  min  to  various  power 
levels  of  2,450-MHz  microwaves  amplitude  modulated 
at  120  Hz  to  investigate  the  effect  of  this  radia- 
tion on  their  behavior.  Vigilance  task  behavior 
was  disrupted  by  30-  or  60-mln  exposures  to  50 
mW/cm^  and  higher  power  densities.  This  disruption 
increased  with  increases  In  power  density.  Under 
both  durations  of  exposure,  behavior  was  not  con- 
sistently perturbed  until  colonic  temperatures 
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exceeded  I C.  Colonic  temperatures  regularly  In- 
creased beginning  at  a power  density  of  10  mW/cm^ 
and  were  related  In  a nonlinear  fashion  to  the 
power  density,  with  a marked  acceleration  occurring 
between  kO  and  50  mW/cm^ , The  observed  behavioral 
changes  were  concluded  to  be  directly  related  to 
hyperthermia  In  the  squirrel  monkey,  since  only  In 
those  cases  where  colonic  temperature  Increases 
exceeded  I C was  behavior  consistently  affected. 

The  effects  of  the  microwave  radiation  were  prob- 
ably temporary  because  the  monkeys  generally  recov- 
ered previous  response  rates  when  the  exposure  con- 
ditions were  removed. 


5513  FIXED  INTERVAL  BEHAVIOR  OF  RATS  EXPOSED 
TO  HICROWAVES  AT  LOW  POWER  DENSITIES. 
(Ktvj.)  Sanza,  J.  N.  (Naval  Aerospace  Medical  Res. 
Lab.,  Naval  Air  Station,  Pensacola,  FL  32508); 
de  Lorge,  J.  Radio  Sai  I2(6S):  273-277;  1977- 
(6  refs) 

Rats  In  a response  chamber  were  exposed  for  60  min 
to  2.l)5-GHz  microwaves  (lOOt  amplitude  modulated 
at  120  Hz)  at  averaged  power  densities  of  8.8,  18. k, 
and  37-5  mW/cm^  of  incident  radiation  to  investi- 
gate the  effects  of  this  radiation  on  their  behav- 
ior. Lever  pressing  by  four  Sprague-Dawley  rats 
was  reinforced  by  food  pellets  on  a fixed-interval 
50-sec  schedule  and  produced  high  rates  of  respond- 
ing In  two  rats  and  low  responding  rates  In  tM> 
other  rats.  Radiation  at  37-5  mW/cm^  disrupted 
the  lever  response  of  the  two  rats  that  responded 
at  high  rates  during  baseline  studies.  Radiation 
at  the  two  lowest  power  densities  had  no  observable 
effect  on  the  rate  of  responding.  Mo  effects  on 
the  rate  of  lever  pressing  were  observed  at  any  of 
the  power  densities  in  the  two  rats  that  responded 
at  low  rates  during  baseline  studies.  However, 
ambulatory  activity  of  all  rats  decreased  during 
irradiation  at  l8.k  and  37-9  mW/cm^.  This  decrease 
was  associated  with  a tendency  of  the  rats  to  re- 
main In  areas  of  the  response  chamber  with  lower 
power  densities  of  radiation.  These  results  are 
believed  to  be  due  to  an  interaction  between  higher 
metabolic  rates  In  the  more  frequently  responding 
rats  and  exogenous  heating  by  microwave  radiation. 

551  ECONOMIC  AND  ENVIRONMENTAL  COSTS  OF  SAT- 

ELLITE SOLAR  POWER.  (Eng.)  Glaser,  P. 
(Arthur  D.  Little,  Inc.,  Cambridge,  MA).  Meah  Eng 
100(1):  32-37;  1978.  (10  refs) 

Possible  biologic  and  environmental  effects  associ- 
ated with  microwave  beams  from  satellite  solar 
power  stations  are  reviewed.  Projected  solar  sat- 
ellites would  beam  microwave  energy  to  a 52  km^ 
receiving  antenna  on  earth  for  conversion  Into 
electric  power  transmission  grids.  Such  satellites 
will  Incorporate  several  fall-safe  features  to 
assure  control  of  the  microwave  beam  pointing  and 
instantaneous  shutoff  of  power  to  the  microwave 
generators.  Failure  of  the  microwave  beam-pointing 
system  would  not  result  In  exceeding  the  Interna- 
tional standards  for  microwave  exposure.  Predic- 
tions, analyses,  and  measurements  of  the  microwave- 
induced  biologic  effects  from  solar  satellites 


will  be  an  essential  part  of  the  satellite  develop- 
ment program.  Possible  effects  on  birds  flying 
through  the  microwave  beam  will  have  to  be  estab- 
lished along  with  the  effects  of  microwave  expo- 
sure on  aircraft  flying  through  the  beam.  The 
shielding  effects  of  the  metal  fuselage  of  an  air- 
craft and  the  very  short  time  of  flight  through 
the  beam  make  It  unlikely  that  significant  human 
exposure  will  occur.  Scattering  of  the  microwave 
beam  by  rain  or  hail  is  not  expected  to  signifi- 
cantly Increase  sidelobe  levels  or  broaden  the 
main  microwave  beam. 


551 5 INDUCED  EM  FIELDS  INSIDE  HUMAN  BODIES 
IRRADIATED  BY  EM  WAVES  OF  UP  TO  500  MHZ. 

(Eng.)  Chen,  K.-M.  (Dept.  Electrical  Engineering 
and  Systems  Science,  Michigan  State  Univ.,  East 
Lansing,  Ml  k882k) ; Guru,  B.  S.  J Micvowave  PotJer 
12(2):  173-183;  1977-  (15  refs) 

The  Internal  electromagnetic  (EM)  field  and  the 
specific  absorption  rate  (SAR)  of  EM  energy  induced 
inside  human  bodies  by  EM  waves  of  30-500  MHz  are 
theoretically  quantified  based  on  a tensor  Integral 
equation  method.  Numeric  results  for  a realistic 
model  of  a man  with  a height  of  177  cm  irradiated 
by  EH  fields  of  various  frequencies  and  of  vertical 
and  horizontal  polarizations  indicate  that  the  mag- 
nitude and  distribution  of  the  SARs  In  a body  of 
fixed  dimensions  are  strongly  dependent  on  the  fre- 
quency and  polarization  of  the  Incident  EH  wave. 

Hot  spots  are  generally  more  often  created  In  re- 
gions with  small  cross-sectional  areas,  such  as,  the 
neck,  arms,  and  thigh-leg  regions.  Greatly  enhanced 
SARs  are  predicted  In  regions  of  low  conductivity 
and  permittivity,  such  as,  the  lungs,  where  a ver- 
tically polarized  EM  wave  of  80  MHz  Is  predicted  to 
result  In  an  SAR  of  117  mW/m^  compared  with  a pre- 
dicted value  of  31-*t  mW/m^  for  the  same  region  of 
a homogeneous  body.  A comparison  of  the  above  theo- 
retic results  with  previously  reported  experimental 
results  indicates  that  the  theory  agrees  quite  well 
with  experimental  data  over  regions  of  high  power 
absorption.  The  above  theoretic  results  are  con- 
sidered to  be  more  accurate  tha.i  previously  re- 
ported results  based  on  a simpler  homogeneous  model. 

5516  POSTMASTECTOMY  PATIENT  WITH  SENSITIVITY 
TO  MICROWAVE  OVEN  IN  OPERATIVE  AREA 

(LETTER  TO  EDITOR).  (Eng.)  Mlchaelson,  S.  M. 

(UnIv.  Rochester  Sch.  Medicine  and  Dentistry,  Ro- 
chester, NY);  Appleton,  B.  JAMA  239(6):  350;  1978. 
(0  refs) 

The  report  of  a postmastectomy  patient  with  sensi- 
tivity In  the  operative  area  to  a microwave  oven 
Is  discussed.  A 52-yr-old  woman  who  had  a right- 
sided  mastectomy  reported  that  after  turning  on  a 
recently  purchased  microwave  oven  she  experienced 
a strange  sensation  In  the  operative  area  as  she 
approached  the  oven.  Shielding  the  operative  area 
with  an  aluminum  pan  or  foil  seemed  to  prevent  the 
sensation.  The  mastectomy  had  been  performed  using 
nonmetalllc  s!  sutures,  and  healing  was  complete. 
In  view  of  the  ,act  that  the  microwave  oven  was 
recently  purchased  and  that  Its  emission  was  prob- 
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ably  well  below  the  emission  standard  of  S mW/cm^ 
set  by  HEW,  there  is  no  possibility  that  the  pa- 
tient could  have  sensed  the  microwave  radiation, 
since  probable  exposure  levels  were  certainly  three 
and  probably  four  times  below  threshold  levels  for 
sensation.  However,  If  the  oven  is  leaking  at  a 
noteworthy  level,  the  microwave  energy  impinging  on 
the  patient's  operated  area  could  possibly  be 
sensed  as  heat,  but  the  likelihood  that  a closed 
microwave  oven  would  leak  that  much  microwave  energy 
is  extremely  small.  It  is  recommended  that  a local 
or  state  health  physics  agency  be  contacted  to  mea- 
sure the  leakage  of  the  oven. 


5517  INCREASE  IN  THE  FREQUENCY  OF  Fc  RECEPTOR 
(FcR)  BEARING  CELLS  IN  THE  MOUSE  SPLEEN 

FOLLOWING  A SINGLE  EXPOSURE  OF  MICE  TO  2k50  MHZ 
MICROWAVES.  (Eng.)  Wi ktor- Jedrzejczak , W.  (DIv. 
Cellular  Immunology,  Oept.  Clinical  and  Experimental 
Immunology,  Naval  Medical  Res.  Inst.,  Bethesda,  MD 
ZOOIk);  Ahmed,  A.;  Czerski , P.;  Leach,  W.  M.;  Sell, 

K.  W.  Biomediaine  [Exppeee]  27(7):  250-252;  1977. 

(11  refs) 

Changes  in  the  absolute  frequency  of  cells  from  dif- 
ferent lympnoic  populations  in  the  spleen  of  CBA/J 
male  mice  exposed  for  30  min  to  2,A50-MHz  microwave 
radiation  at  an  average  absorbed  dose  of  13.7  i 1.2 
mW/g  and  in  sham-exposed  mice  were  investigated. 

There  was  a significant  (p<0.0l)  increase  in  the 
frequency  of  spleen  cells  bearing  a receptor  for  the 
Fc  portion  of  the  immunoglobulin  molecule  (FcR)  7 
days  after  microwave  exposure:  the  percentage  of 
FcR-positive  cells  In  irradiated  mice  was  kk.S  i 
1.5t  compared  with  a control  value  of  36.5  - l.6t. 
Simultaneously,  a significant  (p<0.05)  Increase  in 
the  proportion  of  complement  receptor-positive  spleen 
cells  was  observed  (30. k i 1 . for  Irradiated  mice 
versus  23.7  i 0.8t  for  controls).  The  frequencies 
of  theta-positive  and  immunoglobulin-positive  cells 
and  the  total  number  of  spleen  cells  remained  un- 
changed after  microwave  irradiation.  The  proportion 
of  immunoglobulin-positive,  FcR-positive  cells  In 
the  spleens  of  microwave-exposed  mice  (29.0  i 0.7%) 
was  significantly  higher  (p<0.0l)  than  that  In  the 
spleens  of  control  mice  (21.2  ± 0.9%).  This  differ- 
ence quanti tatively  corresponded  to  the  Increase  in 
total  FcR-posItIve  cells,  suggesting  that  the  in- 
crease in  FcR-posItive  cells  was  due  to  a selective 
increase  in  immunoglobulin-positive,  FcR-posltive 
cells.  The  above  results  confirm  the  preferential 
action  of  small  doses  of  microwaves  on  6 lymphoid 
cells  in  the  mouse. 

5518  THE  EFFECT  OF  SEQUENCE  AND  TIME  INTERVALS 
OF  COMBINED  HYPERTHERMIA  AND  RADIATION 

TREATMENT  OF  A SOLID  MOUSE  MAMMARY  ADENOCARCINOMA 
IN  VIVO  (letter  TO  EDITOR).  (Eng.)  Overgaard,  J. 
(Cancer  Res.  Inst,  and  The  Radium  Center,  OK-8OOO 
Aarhus,  Denmark).  Br  J Radio)  50(598):  763-765; 

1977.  (n  refs) 

An  isologous  moderately  differentiated  mouse  mammary 
adenocarcinoma  was  treated  with  a combination  of 
27.12  MHz  diathermy  (k2.5  C for  30  min)  and  250  kv 
x-rays  (800  rad).  The  heat  was  applied  either  before 


or  after  radiation  using  differing  time  intervals. 

For  tumors  treated  simultaneously,  the  radiation  was 
applied  at  the  midpoint  of  the  30-roin  heating  period. 
When  heat  was  applied  before  irradiation  with  be- 
tween-treatment  Intervals  of  k,  8,  12,  2k,  and  k8 
hr,  the  cure  rates  obtained  were  0/8,  2/8,  2/9,  0/9, 
and  1/5,  respectively.  The  simultaneous  application 
of  hyperthermia  and  radiation  resulted  in  a cure 
rate  of  1/7-  When  heat  was  applied  after  irradiation 
with  between- treatment  intervals  of  k,  8,  12,  2k  and 
k8  hr,  the  cure  rates  were  1/6,  2/11,  2/9,  1/8,  and 
3/7,  respectively.  The  application  of  heat  alone 
(k2.5  C for  30  min)  or  radiation  alone  (8OO  rad) 
resulted  in  cure  rates  of  0/10  In  each  instance. 

The  differences  between  the  various  combined  treat- 
ment schedules  were  not  statistically  significant. 
These  results  demonstrate  that  the  action  of  hyper- 
thermia when  combined  with  radiation  in  vivo  is 
not  necessarily  due  to  a radiosens i t iz ing  effect. 
Examination  of  a section  of  tumor  k8  hr  after  treat- 
ment at  k2.5  C for  30  min  revealed  that  this  heat 
was  sufficient  to  produce  necrosis  in  the  center 
of  the  tumor,  leaving  only  a few  peripheral  cells 
viable. 


5519  EVIDENCE  FOR  NON-THERMAL  EXCITATION  OF 
ENERGY  LEVELS  IN  ACTIVE  BIOLOGICAL  SYSTEMS. 

(Eng.)  Webb,  S.  J.  (Dept.  Physics,  Univ.  South  Flo- 
rida, Tampa,  FL);  Stoneham,  M.  E.;  Froehlich,  H. 

Phye  Lett  63A(3):  k07-k08;  1977.  (7  refs) 

The  ratio  (R)  of  the  intensities  of  ant  I -Stokesand 
Stokes  Raman  shift  lines  of  125  cm'*  and  1 18  cm  * of 
active  Eachefiahia  soli  B (glucose  nutrient)  was 
measured  to  Investigate  if  the  Raman  lines  represent 
excitations  beyond  thermal  equilibrium.  Spectra 
taken  kO,  50,  and  60  min  after  the  beginning  of  in- 
cubation at  a temperature  above  25  C indicated  an 
R value  of  1.01  ± 0.10  for  II8  cm  1 and  0.93  i 0.13 
for  125  cm”^.  These  experimental  values  are  far 
above  the  expected  R value  of  about  0.55  for  an  c 
dilating  system  in  thermal  equilibrium,  indicating 
that  this  system  is  excited  strongly  above  thermal 
excitation.  These  excitations  should  be  interpreted 
as  arising  from  certain  activities  of  the  cell  that 
change  with  Its  age. 

5520  STIMULATION  OF  DOG  THYROID  BY  LOCAL  AP- 
PLICATION OF  HIGH  INTENSITY  MICROWAVES. 

(Eng.)  MagIn,  R.  L.  (Lab.  Chemical  Pharmacology, 
Natl.  Cancer  Inst.,  Bldg.  37,  Room  5AI3.  Bethesda, 

MD  2001k);  Lu,  S-T.  ; Michaelson,  S.  M.  Am  Phiiaiol 
233(5):  E363-E368;  1977-  (25  refs) 

The  effects  of  local  irradiation  with  2.k5-GHz  con- 
tinuous wave  microwaves  on  thyroxine  release  in  the 
dog  thyroid  gland  were  studied.  Both  of  the  paired 
thyroid  glands  of  the  dog  were  surgically  exposed, 
and  their  caudal  veins  were  cannulated.  The  first 
hour  after  cannulation  was  used  as  an  equilibrium 
period  to  establish  a base-line  thyroxine  release 
rate  for  each  gland.  During  the  subsequent  2 hr, 
one  gland  was  locally  heated  with  microwaves  to 
temperatures  of  39,  kl,  or  k5  C,  while  the  contra- 
lateral gland  was  used  as  a control.  The  specific 
microwave  absorption  rates  In  the  microwave-exposed 
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thyroid  gland  at  the  above  temperatures  were  58  ± 

2lt,  131  i Iflt,  and  I90  t 45  W/kg,  respectively;  the 
corresponding  Incident  power  densities  at  the  sur- 
face of  the  exposed  gland  were  12  t 23,  162  ± 54, 
and  236  i 55  mW/cm^,  respectively.  The  thyroxine 
release  rate  of  the  Irradiated  glands  was  increased 
during  the  2-hr  exposure  period  to  200,  3S0,  and 
1,000%  of  the  equilibration  period  means  for  the 
three  temperatures  studied.  Blood  flow  was  increased 
to  I40  and  170%  of  the  equilibration  period  means 
in  glands  heated  to  41  and  45  C,  respectively.  Con- 
tralateral control  glands  and  sham-exposed  glands 
maintained  a constant  thyroxine  release  rate.  These 
results  demonstrate  that  local  microwave  heating  of 
the  thyroid  gland  can  stimulate  both  thyroid  gland 
blood  flow  and  thyroxine  release. 


5521  CONSIDERATIONS  ON  THE  MEASUREMENT  OF  THE 

ELECTRICAL  CHARACTERISTICS  OF  MICROORGAN- 
ISMS. (Ita.)  Tlberlo,  U.  (Universita  di  Pisa, 
Pisa,  Italy).  Alta  Fvequenza  46(7):  313-318;  1977. 
(11  refs) 

Problems  of  the  measurement  ot  the  electrical  char- 
acteristics of  microorganisms  suspended  in  culture 
medium  In  alternating  and  direct  current  fields  are 
discussed,  with  special  reference  to  the  use  of 
electrical  and  electromagnetic  fields  for  steriliza- 
tion. 


5522  MICROWAVE  FIXATION  OF  BRAIN  TISSUE  AS  A 

NEUROCHEMICAL  TECHNIQUE— A REVIEW.  leng.  J 
Merritt,  J.  H.  (Radiation  Physics  Branch,  Radiation 
Sciences  Div. , USAF  Sch.  Aerospace  Medicine,  Brooks 
AF6,  TX  78235):  Frazer,  J W.  Ffiopouave  Fouer’  12(2): 
133-139:  1977.  (36  refs) 

Neurochemical  studies,  which  have  used  microwave-fix- 
ation techniques  for  the  Inactivation  of  brain  en- 
zymes are  reviewed,  and  the  suitability  of  these 
techniques  Is  discussed.  The  rapid  enzyme  inactiva- 
tion by  microwave  fixation  of  brain  tissue  prevents 
postmortem  changes  and  permits  the  measurement  of 
neurochemicals,  such  as,  acetylcholine,  at  concentra- 
tions close  to  those  obtained  in  vivo.  It  Is  well 
established  that  acetylcholine  content  in  whole  brain 
fixed  by  microwave  radiation  is  higher  than  in  the 
brain  of  an  animal  killed  by  decapitation  or  cervic- 
al dislocation.  Freeze-blowing  techniques  arrest 
enzymic  activity,  but  they  destroy  the  brain  archi- 
tecture, making  dissection  Impossible  and  allowing 
enzymic  activity  to  be  restored.  If  the  tissue  thaws. 
Early  applications  of  microwave  fixation  were  slow 
(10-20  sec)  and  post-mortem  changes  occurred;  how- 
ever, recently  several  devices  have  been  described 
that  are  designed  to  focus  microwave  power  on  the 
heads  of  small  animals  through  a waveguide.  Brain 
temperatures  of  90  C can  be  achieved  in  as  little 
as  300  msec.  Enzyme  systems  such  as  adenyl  cyclase, 
phosphodiesterase,  cholinesterase,  choline  acetyl- 
transferase,  and  reduced  nicotinamide  adenine  dl- 
nucleot Ide-dlaphorase  are  completely  and  irreversibly 
lnactl''ated  at  this  temperature.  Microwave  tissue- 
fixation  also  permits  easy  dissection  of  the  fixed 
brain  into  discrete  parts. 
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5523  MICROWAVE  IRRADIATION:  A NEW  RAPID  TECH- 
NIQUE FOR  SEPARATING  EPIDERMAL  TISSUE 

FROM  MOUSE  SKIN  PRESERVING  RNA,  DNA,  PROTEIN.  AND 
PHORBOL  ESTER-INDUCED  ORNITHINE  DECARBOXYLASE  LEVELS. 
(Eng.  J Mufson,  R.  A.  (McArdle  Lab.  for  Cancer  Res., 
Unlv.  Wisconsin,  Madison,  Wl  53706);  De  Young,  L.  M. ; 
Boutwell,  R.  K.  J Invest  Detnatol  69(6):  547-550; 
1977.  (20  refs) 

A microwave  separation  procedure  and  its  applications 
are  described.  The  exposure  of  mouse  skin  (CO-1  mice) 
to  2,450-MHz  microwave  radiation  for  10  sec  allowed 
for  the  separation  of  the  epidermis  from  the  dermis 
by  gentle  scraping  of  the  skin  with  a scalpel.  At 
the  end  of  the  irradiation  period,  the  subcutaneous 
temperature  was  55  C.  Histologically,  the  microwave- 
irradiated  skin  resembled  skin  exposed  to  an  estab- 
lished heat  separation  procedure  (immersion  in  55  C 
water  followed  by  Immersion  in  0-4  C water).  The 
recoveries  of  deoxyribonucleic  acid,  ribonucleic  acid 
and  protein  extracted  from  epidermis  harvested  by 
microwave  separation  were  22.4  ± 3.5,  13.1  i 2.6, 
and  422  ± 76.0  pg/cm^,  respectively;  these  values 
were  not  significantly  different  from  those  observed 
In  epidermis  harvested  by  conventional  heat  separa- 
tion (20.6  t 2.2,  13.0  ± 1.0,  and  390  ± 40.8  Mg/cm= , 
respectively).  Phorbol  ester- Induced  ornithine  de- 
carboxylase levels  in  Irradiated  and  heat-separated 
epidermis  were  comparable  and  not  significantly 
different,  being  6.1  ± 1.3  and  3.8  ± 0.4  nmoles 
of  carbon  dIoxide/mg  proteln/30  min,  respectively. 

The  reduced  amount  of  manipulation  and  the  short 
Irradiation  time  required  by  the  microwave  separation 
technique  can  result  in  a considerable  time  savings. 

5524  BIOLOGICAL  EFFECTS.  (Ncv.)  Lein,  M. 

(No  affiliation  given).  Tekniek  Ukehlad 

124(48):  3:  1977-  (0  refs) 

Current  findings  on  the  biological  effects  of  micro- 
wave  radiation  are  reported.  There  has  been  reported 
a higher  incidence  of  memory  impairment,  motor  co- 
ordination disturbances,  and  cancer  among  persons 
working  In  a Chicago  business  district  with  high 
microwave  energy  levels.  The  cancer  incidence  of 
U.S.  Embassy  personnel  in  Moscow  Is  believed  to  be 
higher  than  that  of  the  staff  of  other  U.S.  embas- 
sies because  of  the  microwave  bombardment  of  the 
U.S.  embassy  by  the  Russians.  The  maximum  permis- 
sible microwave  exposure  in  the  USSR  has  been  set 
at  10  pW  on  the  basis  of  the  biological  effects  of 
microwaves.  Further  reduction  of  this  standard  is 
planned. 

5525  COUPLING  BETWEEN  SMALL  THIN-WIRE  ANTENNAS 
AND  A BIOLOGICAL  BODY.  iEt\g.)  Nyquist, 

D.  P.  (Dept.  Electrical  Engineering  and  Systems  Sci- 
ence, Michigan  State  Unlv.,  East  Lansing,  Ml  48824); 
Chen,  K-M.  ; Guru,  G.  S.  IEEE  Tnins  Aniruntis  Prepa- 
gation  25(6):  863-866;  1977.  (5  refs) 

A theoretic  analysis  of  coupling  between  the  electro- 
magnetic (EM)  field  of  a small  thin-wire  antenna 
excited  at  a frequency  of  50  MHz  and  an  adjacent 
finite  biologic  body  (l40  cm  In  height  and  40  cm  In 
diameter)  selected  to  model  the  torso  of  a human 
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radio  operator  is  presented.  Short  antennas  excited 
at  50  MHz  are  typical  of  those  used  for  man-pack 
radio  sets.  It  is  shown  that  the  electric  field  In- 
duced in  a finite  biologic  body  by  a nonuniform 
EH  field  of  an  adjacent  antenna  is  very  sensitive 
to  the  relative  antenna-body  location.  Potentially 
hazardous  induced  fields  may  occur  at  antenna  input 
powers  as  small  as  20  W for  certain  practical  an- 
tenna locations.  Proximity  effects  of  the  body  on 
the  antenna  input  impedance  are  very  strong,  and 
the  ratio  of  dissipated  to  input  power  depends 
strongly  on  antenna  location.  The  body  acts  as  a 
reflector  in  its  proximity  effects  on  the  antenna 
radiation  field  and  produces  some  directivity  in 
the  H-plane  of  a short  dipole. 


5526  SELECTIVE  RADIOFRECIUENCY  HEATING  OF  FERRO- 

SILICONE  OCCLUDED  TISSUE:  A PRELIMINARY 
REPORT.  (Eng.)  Rand,  R.  W.  (UCLA  Sch.  Medicine, 
Dept.  Surgery,  Oiv.  Neurosurgery,  Los  Angeles,  CA 
90024);  Snyder,  M. ; Elliott,  D.;  Snow,  H.  Bull  Loe 
Angeles  Seupol  Soa  41(4):  154-159:  1977.  (29  refs) 

Selective  radiofrequency  heating  of  ferrosi 1 Icone- 
occluded  tissue  was  investigated  in  relation  to  its 
possible  role  in  the  hyperthermic  treatment  of  can- 
cer. Glidden  B-233  iron  powder  in  a ferrosi 1 leone 
mixture  was  injected  into  the  renal  arterial  bed  of 
dogs,  a model  of  vascular  tumors  with  a selective 
blood  supply.  Once  the  mixture  vulcanized,  the 
animals  were  sacrificed,  and  the  kidneys  removed. 
Injected  kidney  sections  exposed  to  500  kHz  radia- 
tion sustained  a heating  rate  of  8 C/min  and  pla- 
teaued  in  5 min.  Control  sectioned  kidneys  sustained 
a heating  rate  of  2 C/min  and  also  plateaued  in  5 
min.  When  tested  at  a frequency  of  20  kHz,  control 
unsectioned  kidneys  underwent  no  measurable  heating; 
whereas.  Injected  unsectioned  kidneys  consistently 
sustained  a heating  rate  of  10  C/min  in  the  cortex 
and  12  C/min  in  the  medulla  and  then  plateaued  in 
5 min. 


5527  EFFECT  OF  A PULSED  ELECTRIC  CURRENT  ON 

THE  COURSE  OF  REPARATIVE  OSTEOGENESIS. 
(Eng.)  Landa,  V.  A.  (Lab.  Biophysics,  N.  N.  Priorov 
Central  Scientific-Res.  Inst.  Traumatology  and  Ortho- 
pedics, Ministry  Health  USSR,  Moscow,  USSR);  Poly- 
akov, A.  N. ; Baranov,  V.  K.  Bull  Exp  Biol  Med  83(5): 
700-702;  1977.  (12  refs) 

The  effect  of  pulsed  electric  current  on  reparative 
osteogenesis  in  rabbits  was  studied.  A portion  of 
the  middle  third  of  the  radial  diaphysis  measuring 
0.5  cm  was  resected,  and  a platinum  electrode  was 
inserted  perpendicularly  to  the  long  axis  of  the 
bone  into  holes  drilled  Into  each  of  the  two  bone 
fragments.  Another  electrode  was  placed  in  the 
gap  between  the  fragments.  A pulsed  electric  cur- 
rent with  an  optimal  strength  ranging  from  6-15  uA, 
a pulse  duration  of  I sec,  and  a between-pulse  in- 
terval of  4 sec  was  applied  to  the  electrodes  five 
times/wk  for  3 wk  after  bone  resection.  Osteogen- 
esis was  stimulated  in  bone  treated  with  electric 
current,  with  the  stimulating  effect  being  manifested 
by  a larger  quantity  of  newly-formed  bone  and  a 


smaller  quantity  of  cartilage  and  fibrous  tissue  in 
the  callus  than  was  observed  in  control  animals. 

The  degree  of  mineralization  of  newly-formed  bone 
microstructures  was  comparable  in  experimental  and 
control  animals.  It  is  concluded  that  by  applying 
a pulsed  electric  current  during  reparative  bone 
regeneration,  osteogenesis  can  be  stimulated  and 
made  to  predominate  over  fibrogenesis  and  chondro- 
genesis. 


5528  US  ARMY  TEST  AND  EVALUATION  COMMAND-TEST 

OPERATING  PROCEDURE:  ELECTROMAGNETIC  RAD- 
IATION EFFECTS  AND/OR  HAZARDS  TEST.  (Eng.)  U.  S. 
Army  Test  and  Evaluation  Command  (U.S.  Army  White 
Sands  Missile  Range,  ATTN:  STEWS-TE,  White  Sands 
Missile  Range,  NM  88002).  I6  pp.;  1976.  [available 
through  National  Technical  Information  Services, 
Springfield,  VA  22161,  Document  No.  AD  A0397031.  (0 
refs) 

Procedures  for  instrumenting  and  testing  United 
States  Army  materiel  containing  electric  initiators 
and/or  electronic  components  to  determine  the  effect 
of  an  electromagnetic  environment  on  the  operation 
and/or  safety  of  the  materiel  are  presented.  The 
testing  facilities  are  capable  of  generating  test 
fields  of  100-200  V/m  over  a frequency  range  of  100 
kHz  through  18  GHz.  At  each  test  frequency,  for 
each  configuration  of  the  specimen  in  its  stockpile- 
to-target  sequence,  and  from  all  aspect  angles,  the 
test  specimen  is  exposed  to  continuous  wave  electro- 
magnetic radiation  environments  starting  at  the 
frequency  at  which  the  maximum  dimension  of  the 
tested  item  is  a quarter  wavelength.  The  field  in- 
tensity of  the  environment  is  gradually  increased 
until  any  of  the  following  conditions  are  met:  the 
criteria  field  intensity  is  reached;  an  adverse 
effect  is  indicated  on  recording  instrumentation; 
the  capability  of  the  test  facility  is  reached.  If 
the  test  specimen  may  be  exposed  to  modulated  envir- 
onments, the  tests  should  be  performed  using  ampli- 
tude modulated,  frequency  modulated,  and  pulse  mod- 
ulated electromagnetic  radiation. 


5529  HYGIENIC  PROBLEMS  OF  THE  INDUSTRIAL  USE 
OF  NON-IONIZING  RADIATION.  (Ita.)  Gran- 
dolfo,  M.  (Laborator!  di  Fisica,  Istituto  Superiore 
di  Sanita,  Italy);  GuidonI,  L.  ; VitI,  V.  Ann  1st 
Super  Sanita  12(4):  241-247;  1976.  (31  refs) 

General  hygienic  problems  of  microwave,  laser,  in- 
frared, and  ultraviolet  radiations  are  reviewed. 

The  biologic  effects  of  radiofrequency  radiation 
are  determined  not  only  by  mean  field  intensity  but 
also  by  intensity  peaks  In  cases  of  Intermittent 
radiation.  Apart  from  the  direct  thermal  effect, 
the  effects  of  radiofrequency  radiation  include 
functional  disturbances  of  the  central  nervous 
system  (neuralgia,  eye  pain,  vertigo,  insomnia, 
somnolence  during  daytime),  reduced  libido  and  po- 
tency in  men,  menstrual  disorders,  and  increased 
incidence  of  abortion  in  women.  Young  women  are 
more  sensitive  to  radiofrequency  radiation  than 
older  ones.  The  maximum  permissible  exposure  levels 
are  10  mW/cm^  In  the  frequency  range  of  10-100,000 
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NHz  In  the  USA;  In  the  USSR  I mW/cm^  Is  the  permls- 
sable  level  for  a dally  exposure  of  I0*IS  min,  0.1 
mU/cm^  for  2-3  hr/day,  and  0.01  mW/cm^  for  8 hr/day. 


5530  BIOLOGICAL  AND  HEOICAL  PROBLERS  CAUSED  BY 
UHF  RADAR  WAVES.  I.  PHYSICAL  PRINCIPLES. 

BIOLOGICAL  PROBLEMS  (EXPERIMENTS  IN  ANIMALS).  (Fre.) 
Oelahave,  R.  (Ecole  d'appi ication  du  Service  de 
Sante  pour  I'Armee  de  I'air,  Paris,  France).  Radio- 
pivtfotion  12(3):  199-216;  1977.  (0  refs) 

The  physical  principles  and  experiments  on  the  bio- 
logic effects  of  radar  waves  are  reviewed.  Radar 
waves  have  thermal  or  unspecific  and  nonthermal  or 
specific  effects  on  biologic  organisms.  The  thermal 
effect  is  due  to  the  absorption  of  the  energy  by  the 
tissues.  It  Is  possible  to  generate  lethal  hyper- 
thermia In  animals  by  whole-body  or  brain  Irradia- 
tion, which  falls  to  cause  any  morphologic  changes. 
The  depth  of  penetration  of  radar  waves  Into  the 
body  is  estimated  at  1/10  of  their  wavelength.  The 
testicles  and  crystalline  lens  are  especially  sen- 
sitive to  hyperthermia  generated  by  radar  waves. 
Minimal  energy  density  capable  of  producing  opaci- 
fication of  the  crystalline  lens  of  the  rabbit  is 

O. 59  W/cm^  for  5 min  exposure  or  0.29  W/cm^  for  90 
min  exposure  at  a frequency  of  2,500  MHz.  Various 
experiments  have  revealed  specific  effects,  such  as, 
changes  in  the  ratio  of  excitation  to  Inhibition  of 
the  cerebral  cortex;  changes  In  biochemistry  (cho- 
linesterase, nucleic  add,  and  amino  acid  levels); 
changes  In  blood  pressure  (tachycardia)  and  heart 
rate;  hyperplasia  of  the  ret Iculohl st locyt Ic  system 
of  the  spleen,  liver,  and  thymus  of  animals;  and 
lymphocytosis.  Radar  treatment  has  a protective 
effect  against  x-rays  In  mice  and  against  gamma 
rays  (26,000  R and  higher)  in  bacteria.  The  spe- 
cific effects  of  radar  waves  are  currently  explained 
with  various  hypotheses  (pearl  chain  effect,  elec- 
trical excitation  of  biological  membranes,  macro- 
molecular  resonance,  and  Osipov's  microthermal 
theory) . 

5531  SELECTIVE  LOCAL  HYPERTHERMIA  OF  TUMOR  TIS- 
SUE. HOMOGENIZED  ENERGY  SUPPLY  TO  DEEP- 

SEATED  TISSUES  BY  HIGH-ENERGY  DECAMETER  WAVE  COIL 
SECTION  PLUS  DUAL  SYSTEM  RASTER  MOTION.  (Oer. ) 
von  Ardenne,  M.  (ForschungsInstI tut  Manfred  von 
Ardenne,  Zeppellnstr.  7,  DDR-6051  Dresden,  E.  Ger- 
many); von  Ardenne,  Th. ; Boehme,  W.  G. ; Reltnauer, 

P.  G.  Aroh  Geaohxjuietforaah  67(6):  687-523:  1977. 

(61  refs) 

The  achievement  of  selective  local  hyperthermia  of 
deep-seated  tumors  was  studied  on  gelatin  phantom 
as  an  important  element  of  von  Ardenne's  Cancer  Mul- 
tistep Therapy.  It  was  found  that  sufficient  and 
rather  homogeneous  thermal  energy  for  deep-seated 
tumors  could  be  provided  by  the  use  of  divergent 
rotary  magnetic  field  (wavelength  11.06-22.12  m,  5 
kW)  with  a relative  raster  motion  of  the  applicators 
parallel  to  the  body  surface  by  means  of  a dual 
system  array  (CMT  Selectotherm  System).  Therapeu- 
tically efficient  selective  hyperthermia  of  deep- 
seated  tumors  can  be  achieved  without  critical 
superheating  of  tissues  near  the  skin. 


5532  ELECTRICAL  STIMULATION  WITH  PT  ELECTRODES: 

I— A METHOD  FOR  DETERMINATION  OF  "REAL" 
ELECTRODE  AREAS.  (l!n(i.)  Brummer,  S.  B.  (EICCorp., 
Newton,  MA  02158);  Turner,  M.  J.  IREK  Thuna  Homed 
Eng  26(5):  636-639;  1977.  (9  refs) 

An  electrical  method  for  determining  exposed  areas 
of  platinum  stimulation  electrodes  prior  to  Implan- 
tation for  neurophysiologic  studies  Is  described. 

The  method  Involves  using  the  hydride  formation 
charge  as  an  Index  of  the  real  area  of  the  electrode, 
which  Is  exposed  to  simulated  cerebrospinal  fluid 
(CSF)  solution  after  hydrogen  evolution  Is  reached. 
The  best  solution  Is  buffered  saline  containing  glu- 
cose (0.65  g/l)  and  egg  albumin  (0.20  g/l).  No  dif- 
ference was  noted  between  the  use  of  Inorganic-simul- 
ated CSF  and  organic-simulated  CSF.  There  was  also 
no  significant  difference  between  the  use  of  Increas- 
ing pulse  widths  and  decreasing  pulses.  Nor  was  any 
difference  found  after  leaving  the  electrode  without 
pulsing  in  the  organic-simulated  CSF  for  3 days. 

These  data  show  that  with  pulses  employed  to  reach 
hydrogen  evolution,  there  is  no  significant  effect  of 
blockage  of  the  surface  of  the  electrode  by  organic 
material  in  the  CSF,  that  Is,  pulsing  effectively 
keeps  the  electrode  clean.  This  Is  significant  be- 
cause no  special  precautions  are  needed  to  attain 
the  ultra-high  purity  conditions  normally  needed 
for  accurate  electrochemical  measurements  and  because 
the  method  appears  suitable  for  subsequent  adaptation 
for  use  In  vivo. 


5533  ELECTRICAL  STIMULATION  WITH  PT  ELECTRODES; 

II — ESTIMATION  OF  MAXIMUM  SURFACE  REDOX 
(THEORETICAL  NON-GASSING)  LIMITS.  CEng. ) Brummer, 

S.  B.  (EIC  Corp.  , Newton,  MA  02158);  Turner,  M.  J. 
TREE  Trane  Biomed  Eng  26(5):  660-663;  1977.  (6  refs) 

The  maximum  biphasically  applied  charge,  which  can 
be  Injected  without  electrolyzing  water,  was  deter- 
mined for  platinum  electrodes  In  simulated  cerebral 
spinal  fluid  at  37  C.  The  method  involved  the  use 
of  electrical  transients.  With  lead  (anodic  first) 
electrodes,  the  theoretic  non-gassing  limit  was  300 
i 20  pcoulombs/real  cm^.  Independent  of  current  den- 
sity In  the  range  of  ± 50  to  ± 650  mA/cm^.  For  lag 
(cathodic  first)  electrodes,  the  theoretic  non-gassing 
limit  was  350  ± SO  pcoulombs/real  cm^  over  the  same 
current  density  range.  In  both  cases  only  part  of 
the  additional  charge  beyond  these  limits  resulted 
In  water  electrolysis.  Microscopic  observations  of 
bubble  formation  Indicated  that  these  limits  were 
conservative.  These  limits  are  sufficiently  large 
for  most  purposes  and  do  not  restrict  the  use  of 
platinum  electrodes  for  neurologic  stimulation. 

5536  DOSE  RATE  AND  OXYGEN  CONSUMPTION  RATE  IN 

MICE  CONFINED  IN  A SMALL  HOLDER  DURING 
EXPOSURE  TO  2650  MHZ  MICROWAVE  RADIATION.  (Eng.  > 

Ho,  H.  S.  (Food  and  Drug  Admin.,  Bureau  of  Radio- 
logical Health,  5600  Fishers  Lane,  Rockville,  MD 
20857):  Edwards,  W.  P.  Radiat  Eni'ircn  Biophue  16(3): 
251-256;  1977.  (5  refs) 

Radiation  dose  rates  and  oxygen  consumption  rates 
were  measured  In  3-mD-old  CFI  male  mice  Individually 
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irradidted  with  2,4SO  HH/  continuous  wave  microwave 
iddidtlon  (1.7  W forward  power)  for  30  min  In  either 
small  (3.3  X 10.0  X 2.2  cm)  or  larqe  (9-5  x 9.5  x 
4.0  cm)  holders.  During)  irradiation  in  larye  hold* 
ers.  the  microwave  energy  absorption  decreased  from 
29  mW/g  to  21  tnW/g  acc^xnpan led  by  a decrease  in 
specific  nxftabollc  rate  from  l8  to  l4  niW/g.  When 
animals  were  irradiated  in  sn^all  holders,  the  aver- 
age radiation  dose  rate  rentained  relatively  constant 
at  31.0  mW/g.  The  specific  n>etabollc  rate,  however, 
decreased  frcmt  18.7  to  16.3  mW/g  during  irradiation 
compared  with  a nx*an  value  of  24.1  mW/g  during  a 
30-min  pre- i rradiat ion  period.  A comparison  of  the 
oxygen  consun)()t  ion  rates  of  animals  in  small  and 
large  holders  revealed  a continually  higher  oxygen 
consumption  rate  for  aninuls  in  the  small  holders. 

A reduction  in  oxygen  consumption  rate  of  animals 
in  the  shmU  holders  during  irradiation  indicated 
that  the  aninvjls  were  compensating  for  the  increased 
heat  load  by  reducing  their  C)wn  heal  production. 
However,  this  reduction  In  oxygen  consumption  was 
not  nx'tre  than  that  of  animals  irradiated  in  large 
holders.  Hence,  the  lack  of  ability  of  tightly- 
constrained  mice  irradiated  in  snvall  holders  to  re- 
duce microwave  absorption  was  not  compensated  for 
by  an  additional  reduction  In  oxygen  consumption 
rate. 


5535  AN  EXAMINATION  OF  ELECTRIC  FIELDS  UNDER 

EHV  OVERHEAD  POWER  TRANSMISSION  LINES. 

Tell,  R.  A.;  Nelson,  J.  C.  i Lambdin,  D.  L.  ; 
Athey,  T.  W. ; Hankin.  N.  N. ; Janes,  D.  E.  (Environ- 
mental Protection  Agency,  Office  Radiation  Programs, 

E iectromagnet ic  Radiation  Analysis  Branch,  9100  Brook- 
ville  Road,  Silver  Spring,  MO  20910).  46  pp. ; 1977. 

(Environmental  Protection  Agency  Report  EPA-i)20/2- 
76-008] . (5  refs) 


Measured  data  on  electric  fields  under  extrenwly 
high  voltage  (EHV)  overhead  power  transmission  lines 
are  presented.  The  n)edsured  i.iaximum  electric  field 
strengths  beneath  765-kV  and  SlO-kV  single  circuit 
lines  were  approximate ly  10  kV/m  and  5 kV/m  at  about 
3 feel  above  ground;  these  field  strengths  occurred 
Just  outside  the  outer  phase  conductors.  The  max- 
imum measured  electric  field  strength  beneath  a 3^5" 
kV  double  circuit  line  was  about  4 kV/m  at  the  center 
of  the  right-of-way  and  decreased  to  1 kV/m  and  100 
V/m  at  distances  of  69  and  160  feet,  respectively, 
from  the  center  of  the  right-of-way.  Short  circuit 
currents  of  2 were  measured  from  an  EPA  radiation 
analysis  van  and  0.6  (i;A  from  an  intermediate  sized 
automobile  when  they  were  located  in  a position 
where  the  unperturbed  field  was  about  9 kV/m.  An 
average  value  of  induced  body  current  of  about  18 
uA/kV/m  was  determined  for  several  Individuals  lo- 
cated in  the  electric  field  beneath  a 765"kV  line. 

For  humans  Insulated  from  ground,  the  threshold 
for  anno  >nce  from  transient  spark  discharge  was 
about  6 kV/m.  This  Is  the  maximum  field  strength 
at  3 f«et  above  ground  under  the  outer  phase  con- 
ductors of  a 765-kV  line  with  60  feel  of  clearance. 

It  Is  concluded  that  under  normal  conditions  elec- 
tric field  strengths  under  EHV  overhead  p(w<er  trans- 
mission lines  can  be  calculated  with  sufficient 
accuracy  to  preclude  the  necessity  of  field  measurc- 


n>ents.  In  addition.  It  appears  that  annoyance  due 
to  spark  discharge  is  not  likely  to  occur  at  dis- 
tances greater  than  100  feet  fronj  the  center  of  the 
power  line  right-of-way,  and  then  only  for  power 
lines  that  are  500  kV  or  greater. 


5536  THE  RESPONSE  OF  SEA  URCHIN  EGGS  AND  EMBRYOS 

TO  NON-UNIFORM  AC  FIELDS.  ’ Cohen. 

R.  A.  (Ph.D.  dissertation,  Northeastern  University, 
1977);  89  PP-  (available  from  Xerox  Univ.  Microfilms, 
Ann  Arbor,  Ml  48106,  Order  No.  77-24,425].  (57  refs) 

The  response  of  sea  urchin  eggs  and  embryos  (.‘’.M\n- 

non-uniform  alternating  current  fields  ranging  In 
frequency  from  30  Hz  to  100  kHz  was  Investigated 
to  determine  if  changes  In  dielectric  properties 
can  be  detected  in  a dynamic  developmental  system. 
Eggs  and  embryos  In  these  fields  exhibited  motion 
and  orientation,  and  the  translational  motion  was 
dlelectrophoret Ic  In  nature.  Since  dielectrophor- 
esis Involves  the  dielectric  properties  of  matter, 
stage-specific  differences  In  this  behavior  imply 
changes  In  the  embryo’s  dielectric  properties  as 
developnnjnt  proceeds.  The  collection  of  unfertil- 
ized eggs  at  the  electrode  depended  on  the  frequency 
and  voltage  of  the  applied  field  and  on  the  con- 
ductivity and  temperature  of  the  dlelectrophoret Ic 
n^edium.  In  some  species,  unfertilized  eggs  showed 
no  movement  whatever.  Changes  In  jelly  coat  con- 
ductivity probably  were  responsible  for  differences 
observed  in  unfertilised  eggs'  behavior  at  various 
times  after  spawning.  The  collection  of  developing 
embryos  at  the  electrodes  fell  into  three  distinct 
Intervals  of  positive  response  to  the  field.  The 
first  response  Interval  occurred  during  the  first 
10  min,  probably  as  a result  of  the  surface  events 
associated  with  fertilization.  The  second  response 
interval  occurred  from  10-40  min  after  inseminat Ion. 
Between  response  intervals,  there  were  short  per- 
iods during  which  d 1 e lec t rophoret  i c nx>vement  could 
not  be  induced.  The  third  response  Interval  slu'wed 
variation  in  d le lec trophoret Ic  collection  that 
correlated  with  the  phases  of  the  cleavage  cycle. 
These  changes  In  dlelectrophoret Ic  behavior  may  be 
a function  of  the  rate  of  change  of  embryonic 
surface  charge. 


5537  A REVIEW  OF  CURRENT  AND  PROPOSED  STANDARDS 
FOR  OCCUPATIONAL  EXPOSURES  TO  RADIO-FRE- 
QUENCY ENERGY.  Odiand,  L.  T.  Ik: 

of  tho  .‘iggiij/  OnftJpt'nv't*  c^'  NAM 
Pnv.'tora, 

Sponsored  by  the  National 

Aeronautics  and  Space  Administration,  pp.  267‘‘27B, 
1977  (0  refs) 

The  following  essential  aspects  of  an  acceptable 
radiofrequency  (RF)  occupational  exposure  control 
program  are  reviewed;  the  setting  of  exposure 
limits  or  guides,  the  surveillance  of  the  work 
environment,  the  medical  surveillance  of  workers, 

Che  invest igat ion  of  actual  or  suspected  accidental 
overexposures,  and  the  documentation  and  pn>per 


BiologK^  ftli  a ot  Homoouint  ClKtronijiaiittic 
RMtistHMi  Jutw  1978 


nvaintendnce  of  records  of  all  pertinent  data  appli* 
cable  to  a real  or  suspected  overexposure.  A re- 
view of  exposure  standards  adopted  or  being  con- 
sidered by  six  groups  in  the  United  States  reveals 
that  for  continuous  exposures  10  mW/cm-  has  become 
a consensus,  while  there  is  virtually  no  consensus 
for  permissible  brief  exposures.  With  regard  to 
work  environment  surveillance,  only  the  United 
States  Air  Force  has  a definite  goal-oriented  pro- 
gram, which  Involves  the  inventory,  classification, 
and  on-site  survey  of  RF  emitters.  Only  the  De- 
partment of  Defense  addresses  the  question  of  med- 
ical surveillance  among  various  agencies  concerned 
with  RF  exposures;  emphasis  is  placed  on  eye  exam- 
inations. However,  an  American  National  Standards 
Institute  proposal  represents  a first  attempt  to 
evaluate  changes  other  than  those  involving  the 
lens  of  the  eye.  Regarding  the  investigation  of 
accidental  overexposures,  the  Air  Force  requires 
investigations  whenever  there  is  a suspected  over- 
exposure; if  subsequent  Investigation  indicates 
an  actual  exposure  of  over  20  mM/cm^,  the  patient 
is  referred  for  a complete  medical  evaluation  and 
followup.  The  Navy  requires  reports  of  exposures 
in  excess  of  50  nAI/cm^  for  any  time  period  and 
followup  medical  evaluations  at  2-  and  It-wk  inter- 
vals. Provisions  for  reporting  and  maintaining 
records  of  RF  exposure  Investigations  are  made  by 
both  the  Air  Force  and  the  Navy. 

5538  ON  mutagenesis  WITH  MICROWAVE  RADIATION 
(MEETING  ABSTRACT).  (Encf.)  Leach,  W.  M. 
(BRH,  HEW,  5600  Fishers  Lane,  Rockville,  MD  20857); 
Gillespie,  L.  J.  Hi\tlth  Phya  33(6):  661-662;  1978. 
(0  refs) 

The  possibility  of  ml crowave- induced  mutagenesis  is 
discussed.  Although  photon  energies  in  the  microwave 
range  are  not  sufficiently  large  to  break  chemical 
bonds  in  DNA,  three  lines  of  Indirect  and  incomplete 
evidence  suggest  chat  microwave  radiation  may  be 
mutagenic.  First,  absorption  of  microwave  energy 
can  result  in  a temperature  rise  In  tissue. 
Temperature  elevation  has  been  shown  to  cause 
mutations  in  Ptveophila.  Second,  microwave  radia- 
tion at  2,A50  NHz  has  bean  reported  to  induce 
chromosomal  aberrations.  The  occurrence  of  aberra- 
tions In  Irradiated  tissue  culture  cells  and  in 
irradiated  Chinese  hamsters  suggests  a relationship 
between  chromosomal  stickiness  and  aberrations  in 
studies  that  utilized  acute  thermally  stressful 
levels  of  radiation.  Chromosomal  aberrations  have 
also  been  observed  In  tissue  culture  cells  after 
long-term  irradiation  at  microwave  powers  not 
associated  with  thermal  stress.  Third,  types  of 
chromosomal  changes  have  been  observed  that  are 
not  amenable  to  standard  cytogenetic  analysis. 

Cells  with  chromosomal  stickiness,  which  are  induced 
with  high  microwave  powers,  and  polyploid  cells, 
which  appear  after  both  acute  and  long-term  irradia- 
tion at  2,A50  MHz  show  irregularities  that  are 
similar  to  the  staining  of  heterochromatic  regions 
associated  with  differential  gene  activity. 

Althou  ‘h  mutagenesis  with  microwave  radiation  has 
not  b'  n shown,  several  areas  of  research  are 
promising.  After  single  acute  exposures,  tests 
for  chromosomal  nondisjunction  may  be  appropriate. 

For  repetitive  or  chronic  exposures,  tests  for 
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both  nondisjunction  and  errors  of  DNA  replication 
may  be  indicated,  and  gene  expression  should  be 
examined. 


5539  ASSESSMENT  OF  THE  HYGIENIC  SIGNIFICANCE 

OF  ELECTRIC  FIELDS  GENERATED  BY  POWER 
TRANSMISSION  LINES  IN  INHABITED  AREAS.  (Pua. J 
Koziarin,  I.  P.  (Dept.  General  Hygiene,  Kiev 
Medical  Inst.,  Kiev,  USSR);  Popovich,  V.  M.  I'moh 
Pole  (II):  120-12l(;  1977.  (7  refs) 

The  effects  of  exposure  to  electrical  fields  (50  Hz, 
120  days)  similar  to  those  found  along  power  trans- 
mission lines  were  studied  in  male  rats.  Of  all 
the  animals,  200  were  exposed  to  1-15  kV/m-fields 
2 hr  dally,  and  100  animals  were  exposed  to  7,  17, 
and  15  kV/m-fields  30  min  daily.  With  exposure 
for  2 hr  dally,  significant  changes  were  found 
only  in  the  groups  exposed  to  7 and  15  kV/m. 

Compared  with  the  nonexposed  controls,  significant 
changes  were  seen  including  increases  in  the  latent 
period  of  unconditioned  reflexes,  blood  cholinester- 
ase, lactate  and  succinate  dehydrogenase  activities, 
residual  nitrogen,  urea  and  glucose  levels  of  the 
blood,  lysozyme  level,  and  reductions  were  seen  In 
the  chronaxy  ratio  of  antagonistic  muscles  and  of 
the  iodine  storage  capacity  of  the  thyroid  gland, 
and  in  weight.  Change  in  the  color  of  the  fur  and 
loss  of  hair  were  also  observed  at  the  end  of  the 
experiment.  The  field  intensity  of  A kV/m  was 
established  as  a subthreshold  level.  In  the  groups 
exposed  for  30  min  daily,  significant  changes 
were  found  in  the  above  characteristics  during 
exposure  to  12  and  15  kV/m.  The  findings  indicate 
that  the  biologic  effects  of  electrical  fields  of 
50  Hz  frequency  are  a direct  function  of  the 
length  of  exposure  and  the  field  intensity. 


55AO  environmental  biophysics  BRANCH:  SUMMARY 

STATEMENT.  fp>u!.  > Chignell,  C.  F.  (No 
affiliation  given).  Etwinm  Hoalth  Pei'apeet  20: 
202-203;  1977.  (0  refs) 

Research  being  conducted  by  the  Environmental  Bio- 
physics Branch  on  the  effects  of  nonionizing  radi- 
ation Is  summarized.  The  research  Includes  the 
development  of  new  microwave  exposure  systems  as 
well  as  Instrumental  and  analytical  dosimetric 
techniques.  In  the  health  effects  area,  studies 
are  being  conducted  on  the  biophysical  mechanisms 
of  the  Interaction  of  continuous,  pulsed,  and  mod- 
ulated 1-10  GHz  microwave  radiation  with  biological 
samples  at  the  cellular  and  molecular  levels.  The 
effects  of  continuous  wave  and  pulsed  2.A5-GHZ 
radiation  on  the  embryonic  development  and  repro- 
ductive functions  of  animals  are  also  being  stud- 
ied. Also  being  examined  are  the  effects  of  con- 
tinuous wave  and  pulsed  2.A5-GHZ  radiation  on  the 
development  of  the  immunologic  response  In  animals 
and  the  effect  of  continuous,  pulsed,  and  modulated 
l-10-GHz  waves  on  the  central  nervous  system  and  on 
animal  behavior.  Studies  on  the  biological  effects 
of  2.A5-GHZ  radiation  on  various  In  vitro  systems 
have  failed  to  reveal  any  significant  changes  other 
than  those  directly  attributable  to  thermal  heating. 
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However,  a small  decrease  in  fertility  has  been 
observed  when  male  quails  exposed  in  ovo  to  micro- 
waves  were  mated  with  either  control  or  exposed 
females.  Other  research  involves  an  examination 
of  the  effects  of  microwaves,  electrical  fields, 
and  maqnetic  fields  on  the  biologic  rhythms  of  rats 
as  well  as  on  conditioned  behavior  of  primates  and 
on  urinary  excretion  of  various  metabolites  and 
other  indicators  of  neurohormone  secretion.  The 
effects  of  chronic  exposures  to  low  levels  of  mi- 
crowaves are  also  being  investigated,  since  data 
on  long-term  effects  are  needed  for  the  formulation 
of  microwave  radiation  safety  levels. 


SSift  BIOLOGICAL  EFFECTS  OF  STATIC  AND  LOW- 

FREQUENCY  ELECTROMAGNETIC  FIELDS:  AN 
OVERVIEW  OF  UNITED  STATES  LITERATURE.  > 

Phillips,  R.  D.;  Kaune,  W.  T.  (Battelle  Pacific 
Northwest  Laboratories,  Richland,  WA) . 39  pp: 

1977.  {available  through  Electric  Power  Research 
Inst.,  3912  Hlllview  Ave.,  Ef’RI  EA-lt90-SRl . 

(106  refs) 

A review  of  United  States  literature  on  the  biolog- 
ical effects  of  static  and  low-frequency  electro- 
magnetic fields  Is  presented  and  discussed  in  rela- 
tion to  60-Hz  power  transmission  systems,  direct 
current  power  transmission  systems,  and  extra-low- 
frequency  commun I ca t i on  systems.  Based  on  a long 
history  of  experience  with  electric  fields  by  the 
utility  industry,  it  appears  that  intermittent  and 
repeated  exposures  to  strong  60-Hr  electromagnetic 
fields  from  present  power  transmission  systems 
have  no  obvious  adverse  effect  on  the  health  of 
man.  However,  this  belief  must  be  tested  by  care- 
fully designed  and  executed  experiments  under  lab- 
oratory conditions  where  precise  control  can  be 
exercised  over  coexisting  environmental  factors. 
There  is  only  one  direct  current  transmission 
system  currently  in  operation  in  the  United  States, 
namely,  the  400-kV  Cel i lo-Sylmar  Intertie  between 
northern  Oregon  and  southern  California.  Little 
meaningful  biological  research  has  been  conducted 
that  simulates  exposures  to  such  a system.  Factors 
in  addition  to  the  static  electric  and  magnetic 
fields  such  as  ion  currents,  air  ions,  and  possibly 
orone  must  be  considered.  A comprehensive  research 
program  to  assess  the  possible  bioeffects  of  expo- 
sure to  low  level,  extra-low-frequency  radiation 
from  communication  systems,  such  as,  the  Navy's 
proposed  Project  Sanguine,  Is  in  progress.  The 
results  of  this  research  program  are  tabulated  in 
terms  of  effects  on  physiology,  growth  and  devel- 
opment, behavior,  genetics,  and  biochemistry. 


5942  INFLUENCE  OF  HIGH  MAGNETIC  FIELDS  ON 

MEIOSIS.  J Linskens,  H.  F.  (Dept. 

Botany.  Section  Molecular  Developmental  Biology, 

Univ.  Nijmegen,  Netherlands):  Smeets,  P.  S.  Kxpci'i- 
tmfi'.j  92;  1978.  (5  refs) 

Experiments  on  the  influence  of  high  magnetic  fields 
on  meiotic  division  In  plants  are  reported.  Whereas 
no  significant  influence  of  a 10,000-G  magnetic 
field  on  mitotic  frequency  in  root  tips  of  /oKi 


was  observed.  Increases  in  the  number  of  chrotixisomal 
aberrations  were  observed  in  the  sporogenous  tissue  of 
anthers  exposed  to  a magnetic  field.  Anthers  of  lily, 
after  treatment  In  a homogeneous  magnetic  field  of 
5,000  G for  9 hr,  showed  a significant  number  of  dis- 
turbed Anaphases  I and  Telophases  I immediately  after 
the  exposure.  The  deviations  were  more  numerous  18-29 
hr  after  tite  nagnetic  treatment,  with  the  number  of 
disturbed  Anaphases  II  and  Telophases  II  being 
significantly  higher  than  in  controls.  Synchronism 
of  the  meiotic  divisions  was  also  reduced  so  that 
various  stages  were  observed  at  the  same  time  in  one 
loculus.  However,  98-50  hr  after  magnetic  field 
exposure,  the  number  of  chromosomal  aberrations  was 
reduced,  with  no  significant  difference  between 
exposed  anthers  and  controls;  therefore,  a self 
restitution  can  be  concluded.  The  aberrations 
observed  were  mostly  bridges,  fragmentations,  and 
Isolated  chromosomes.  It  is  suggested  that  the 
explanation  for  the  biomagnetic  effects  on  rwiotic 
division  includes  disorder  of  the  nucleic  acid  and 
protein  synthesis,  since  it  has  been  shown  that 
nucleic  acids  are  diamagnetic  anisotropic  substances. 

5593  EFFECTS  OF  ELECTRIC  FIELDS  ON  LARGE  ANI- 
MALS (INTERIM  REPORT)  . iFyu;.>  Phillips, 

R.  D. ; Glllis,  M.  F.;  Richardson,  R.  L. ; Allen,  C. 

H. ;  Kaune,  U.  T.;  Beamer,  J.  L.;  Jeffs,  T.  W.; 

Decker.  J.  R.  (Battelle  Pacific  Northwest  Lab., 
Richland,  WA) . 65  pp. , 1977-  {available  through 

Electric  Power  Research  Inst.,  3912  Hlllview  Ave., 

Palo  Alto,  CA  99309.  Document  No.  EPRI  EA-958). 

(9  refs) 

The  planning  and  construction  of  housing  and  exper- 
imental facilities  for  the  chronic  exposure  of  the 
Hanford  Miniature  Swine  to  uniform,  single-phase, 
vertical  6O-H2  electric  fields  of  at  least  30  kV/m 
in  intensity  are  reported.  The  goal  of  the  project 
Is  to  ensure  constant  well-defined  exposure  of 
large  test  subjects  to  electric  fields,  while 
holding  all  other  paraiwters  constant  for  test  and 
control  animals.  The  electrode  system,  with  vibra- 
tion damping.  Is  complete.  Using  a test-transfornwr , 
the  field  over  the  area  to  be  occupied  by  swine  is 
vertical  to  within  2 degrees  and  constant  in  i):agni- 
tude  to  within  (>%.  Breeding  of  the  Fa  generation 
of  swine  is  nearing  completion,  and  preliminary 
growth  data, and  blood  chemistry  are  being  collected. 
The  goal  Is  to  obtain  90  female  piglets  of  similar 
size  and  shape  so  that  dosimetry  will  be  comparable. 
Using  full-scale  models  of  pigs,  surface  fields  and 
dosimetry  are  being  characterized.  This  data  plus 
data  collected  for  a related  study  on  small  animals 
will  provide  a basis  for  defining  the  internal 
dose  of  radiation  received  by  the  swine  and  for 
extrapolating  results  to  man. 

5599  GROWTH  OF  BARLEY  IN  MAGNETIC  FIELD  OF 

VERY  LOW  INTENSITY.  i.HYur.)  Lebedev,  S. 

I.  (Kiev,  USSR);  Baranskll,  P.  I.;  Litvinenko,  L. 

G.  ; Shi  Ian,  L.  T.  .'farpi’i'.i’oi’ 

(3):  71-73;  1977.  (20  refs) 

The  effect  of  permanent  magnetic  field  of  very  low 
Intensity  (8  x 10“^  Amp-turn/m)  on  the  growth  of 
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barley  plants  was  studied.  The  plants  were  exposed 
for  3 wk  after  sowing.  Control  plants  were  exposed 
to  normal  geomagnetic  field  (■c  32  Amp-turns/m) 
under  otherwise  identical  conditions.  The  wet 
weight  of  the  aerial  mass  of  one  plant  was  Allt-lt33 
mg  vs.  I165-555  mg  in  the  control  (p<0.05).  The 
dry  weight  of  the  aerial  part  of  one  plant  was 

29.8- 36.7  mg  vs.  35.7-*i6.6  mg  in  the  control.  The 
wet  weight  of  the  root  of  one  plant  averaged 

36.9- 67  mg  vs.  69.9-93  mg  In  the  control  (p<0.05), 
and  the  respective  dry  weights  were  6.8-5.78  mg 
and  7. 2-8. 2 mg.  The  numbers  of  plants  with  three 
leaves  were  39.6-50t  vs.  58.7-874  in  the  control. 
The  findings  indicate  the  significant  growth- 
stimulating  effect  of  the  geomagnetic  field 
compared  with  the  artificial  low- I ntens I ty  field 
and  suggest  the  possibility  of  the  considerable 
consequences  of  the  exposure  to  zero  magnetic 
field  in  astronauts. 


5565  ENVIRONMENTAL  INFLUENCES  ON  THE  IMMUNE 

SYSTEM  AND  ALLERGIC  REACTIONS.  (Eng.) 

Adkinson,  N.  F.  (DIv.  Clinical  Immunology,  Dept. 
Medicine,  The  Johns  Hopkins  Univ.  Sch.  Medicine, 

The  Good  Samaritan  Hosp.,  Baltimore,  MD  21239)- 
Envirot  Health  Penepeat  20:  97-103;  1977.  (I8  refs) 

Environmental  Influences  of  physical  agents  on  the 
Immune  system  are  discussed.  Although  it  has  been 
long  recognized  that  appreciable  doses  of  Ionizing 
radiation  may  result  in  Immunodeficiency  states  of 
various  degrees,  the  effects  of  nonionizing  electro- 
magnetic radiation,  including  microwave  transmission, 
are  less  studied.  At  present  there  is  no  reason  to 
suspect  that  the  routine  use  of  roentgenography  in 
medicine  or  dentistry  or  radiation  exposure  from 
appliances,  such  as,  color  television  sets  and 
microwave  ovens  can  induce  significant  states  of 
immunodeficiency.  It  is  suggested  that  studies  of 
the  effect  of  chronic  low-dose  exposures  to  envi- 
ronmental agents  on  immune  responsiveness  be  pur- 
sued In  carefully  selected  areas,  such  as,  studies 
of  physical  and  chemical  agents  for  which  there  is 
some  Indication  of  selective  toxicity  for  the  Im- 
mune system. 

5566  LABORATORY  OF  ENVIRONMENTAL  BIOPHYSICS: 

SUMMARY  STATEMENT.-  (Eng.)  Fouts,  J.  R. 

(No  affiliation  given).  Snvitvn  Health  Perspeot 
20:  200-201;  1977.  (O  refs) 

The  nonionizing  radiation  research  program  of  the 
Laboratory  of  Environmental  Biophysics  is  outlined. 
The  objectives  of  the  program  are  as  follows:  to 
develop  microwave  exposure  systems  for  bioeffects 
research;  to  develop  and  test  techniques  for  meas- 
uring microwave  energy  absorption;  to  determine 
the  effect  of  microwaves  on  isolated  nerve  prepa- 
rations; to  determine  how  2,650  MHz  microwave  radi- 
ation interacts  with  biological  systems  at  all  lev- 
els; to  study  the  effect  of  long-term  exposures  of 
experimental  animals  to  915  MHz  and  2,650  MHz  radi- 
ation in  terms  of  the  central  nervous  system  and 
behavior;  and  to  ascertain  the  effect  of  60-Hz 
fields  from  high  voltage  transmission  lines  on  the 
central  nervous  systems  of  mammals.  A waveguide 


system  for  exposing  Isolated  nerves  to  microwave 
radiation  has  been  fabricated  and  tested,  and  a 
2,650-MHz  absorber- 1 1 ned  horn  system  has  been  modi- 
fied to  permit  the  exposure  of  pregnant  mice.  Equip 
ment  has  also  been  built  to  measure  the  colonic 
temperature  of  mice  during  microwave  exposure. 
Studies  on  the  biological  effects  of  2,650-MHz  radi- 
ation on  various  in  vitro  systems  have  failed  to 
reveal  any  significant  changes  other  than  those 
which  are  directly  attributable  to  heating.  How- 
ever, a small  decrease  In  fertility  was  observed 
when  male  quail  that  had  been  exposed  in  ovo  to 
microwaves  were  mated  with  either  control  or  exposed 
females.  Preliminary  results  from  studies  on  the 
long-term  effects  of  915-MHz  radiation  on  rats 
suggest  that  the  exposure  of  pregnant  rats  to  such 
radiation  does  not  alter  the  relative  numbers  of 
viable  offspring  and  stillborns.  Studies  on  the 
long-term  effects  of  microwave  exposure  on  the  cen- 
tral nervous  system  and  behavior  of  rats  are  still 
ongoing.  The  effect  of  the  long-term  exposure  of 
rats  to  60-Hz  fields  is  also  being  studied. 


5567  BACKGROUND  INFORMATION  ON  HIGH  VOLTAGE 
FIELDS.  (Eng.)  Janes,  D.  E.  (United 
States  Environmental  Protection  Agency,  Office 
Radiation  Programs,  9100  Brookville  Road,  Silver 
Spring,  MD  20910).  Envix'an  Health  Perapeet  20: 
161-167;  1977.  (26  refs) 

A review  of  the  biological  effects  of  high  voltage 
fields  is  discussed  in  relation  to  the  increasing 
use  of  higher  voltages  for  overhead  power  trans- 
mission lines.  Only  a small  amount  of  work  had 
been  done  to  explore  Che  possible  effects,  espe- 
cially long  term  effects,  of  transmission  line  elec- 
tric fields  on  biological  systems.  Research  In 
the  United  States  and  Western  Europe  has  not  iden- 
tified any  acute  or  prompt  effects  from  such  expo- 
sures other  than  spark  and  electric  discharge  ef- 
fects; no  permanent  effects  have  been  observed. 
Effects  such  as  excitability,  headaches,  drowsi- 
ness, fatigue,  and  nausea  have  been  reported  for 
workers  in  Soviet  and  Spanish  high  voltage  switch- 
yards. However,  these  effects  have  not  been  seen 
In  workers  who  perform  maintenance  on  Soviet  extra- 
high-voltage  transmission  lines  and  therefore  may 
be  due  to  a unique  switchyard  environnwnt  rather 
than  exposure  to  intense  electric  fields.  The 
results  of  current  and  planned  research,  supported 
by  both  the  United  States  Government  and  by  the 
private  sector,  should  resolve  a number  of  the 
present  uncertainties  concerning  the  potential  ef- 
fects of  high  voltage  fields. 


5568  BIOMAGNETIC  EFFECTS:  A CONSIDERATION  IN 
FUSION  REACTOR  DEVELOPMENT.  ffYy. 
Mahlum,  D.  D.  (Battelle,  Pacific  Northwest  Lab,, 
Richland,  WA  99352).  Enviivn  Health  Perapeet  20; 
131-160;  1977.  (65  refs) 

A literature  review  of  the  biological  effects  of 
magnetic  fields  Is  discussed  in  relation  to  the 
hazard  potential  of  occupational  exposures  to  sub- 
stantial magnetic  fields  In  nuclear  fusion  power 
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pldnt».  Hd^netfc  ffi*ld!»  of  up  to  4^0  G be 
encountered  in  sonte  working  ar<*e».  The  Avullebie 
duta  indicate  that  ntagnetic  fields  can  interact 
with  biological  ovjterial  to  produce  effects,  al* 
though  tfie  reported  effects  are  usually  snw)l!  in 
magnitude  and  often  unconfirmed.  Changes  in  the 
electrical  activity  of  the  bram  and  heart  have 
been  observed  after  the  expi>sure  of  hu^uins,  monkeys, 
rabbits,  and  pigeons  to  fields  of  SOO~9I.OOO  G. 

Other  effects  observed  In  hunwnis  exposed  to  magnet- 
ic fields  include  tlw  visual Izatlon  of  light  flashes 
and  transient  rises  in  serum  triglyceride  levels. 

The  existing  data  base  is  concluded  to  be  totally 
inadequate  for  the  assessment  of  the  potential 
health  and  envi ronmental  consequences  of  magnetic 
fields  and  for  the  establ I shnKMit  of  appropriate 
standards.  Requisite  studies  to  provide  an  ade- 
quate data  base  are  outlined. 


ENHANCED  CYTOTOXIC  EFFECT  OF  HYPERTHERMIA 
(43  C)  FOR  COLCEMIDE-TREATED  NORMAL  AND 
SV*.o-TRANSFORMED  CELLS  GROWN  IN  VITRO. 

Szmiqielski,  S.  (11/3  Pulawska,  02-SI5  Warszawa, 
Poland).  Nobus,  M.  ; Janiak.  M.  Ar^*h 

.'Vra.'h  47(5):  396-399;  1977.  (13  refs) 

The  effect  of  microwave-  and  wiUer  bath-produced 
hyperthermia  on  colcemlde-treated  normal  and  trans- 
formed iTiouse  fibroblasts  grown  In  vitro  was  inves- 
tigated In  relation  to  the  potential  use  of  hyper- 
thermia In  cancer  therapy.  Normal  mouse  fibroblasts 
(L-929  cells)  and  transformed  (SV4q)  mouse  fibro- 
blasts grown  in  vitro  were  treated  for  4 hr  with  5 
viq/ml  of  colcemide  and  heated  for  2 hr  by  means  of 
a 43  C water  bath  or  by  3-GHz-microwaves.  Normal 
cultures  and  colcemlde-treated  cultures  grown  at 
37  C served  as  controls.  Hyperthermia  Induced  by 
water  bath  heating  or  by  Irradiation  lowered  the 
viability  of  normal  and  transformed  fibroblasts  and 
inhibited  the  Incorporat Ion  of  thymidine,  uridine, 
and  glycine  Into  the  cells.  Transformed  fibro- 
blasts pretrealed  with  colcemide  were  more  sensitive 
to  hyperthermia  than  colcemlde-treated  iwrmal  fibro- 
blasts. The  difference  In  the  reaction  of  normal 
and  transformed  fibroblasts  to  hyperthermia  was 
more  pronounced  In  ml c rowave-hi'ated  cells  than  In 
cultures  heated  in  a water  bath.  it  is  suggested 
that  the  stronger  Inhibition  of  cell  metabi>lism  In 
cultures  heated  with  mic**owaves  may  be  due  to  the 
specific  molecular  effect  of  microwaves  In  biolog- 
ical materials  and  that  colcemide  treatment  enhances 
the  therffx'sens  1 1 i V I ty  of  transformed  cells  to  a 
higher  degree  than  n^^rmal  cells.  This  observation 
may  be  of  Interest  when  planning  a potent  scheme 
for  the  selective  Injury  of  cancer  cells  bv  hyper- 
thermia combined  with  drugs  that  Influence  the 
cell  cycle. 


55SO  PNA  synthesis  IN  CARTILAGE  CELLS  IS  STIM- 

ULATED BY  OSCILLATING  ELECTRIC  FIELDS, 
j Rodan,  G.  A.  (Dept.  Oral  Biology  ond  Ortho- 
dontics, Univ.  Connecticut,  Sch.  Medicine  and  Dental 
Medicine,  Farmington,  CT  06032);  Bt>urret,  L.  A,; 
Norton,  L.  A,  199(4329):  690-692;  19/S. 

(28  refs) 


The  effect  of  an  oscillating  electric  field  on 
deoxyrlb^uiuclelc  acid  (ONA)  !vynthesi%  in  cartilage 
cells  was  investigated  to  contribute  lo  the  under- 
standing of  epigenetic  control  of  grex^th  and  dif- 
ferentiation. A pulsed  direct  current  external 
electric  field  of  1, 1 66  V/cm  osc i I lat ing  at  5 Hz 
stimulated  the  incor^xrrat  ion  of  radiolahcied  thy- 
midine into  the  DNA  of  cfH>ndriKytes  isolated  from 
the  proliferative  layer  of  e^ibryonic  (I6  days)  cluck 
epiphysis  by  53  J Ij^^-  Tbt'  effect  appeared  to  be 
tissue  specific,  since  it  was  fx>t  observed  in  son>e 
other  tissues,  such  as,  skin  fibroblasts  obtained 
by  collagenese  digestion  from  lO-day-old  chick 
embryi^s.  Tetracaine  hydrochloride  at  a concentra- 
tion of  10’^  molar  partially  inhibited  the  incorpo- 
ration of  thymidine  In  both  control  and  electrically 
stimulated  cells,  and  Verapamil  or  tetrodotoxin  at 
concentrations  of  10"^'  molar  completely  blocked  tin; 
electric  field  effect.  The  above  findings  support 
the  hypothesis  that  sodium  and  calciun>  Ion  flaxes 
generated  by  the  electrical  perturbation  trigger 
DNA  synthesis  in  these  cells. 


5551  MICROWAVE  HEARING  IN  MAMMALS  AT  3.0  GH:. 

I Cain,  C.  A.;  Ri'ssmann,  W.  J. 

.’■>1.*  frVV.'fa  i'.*'  NWvrtvvKjj, 

r.tf't  i*rt  of  tht'  .-Irpiu.:*  .V.’t-r 

Sponsored  by 

U.S.  National  Committee  of  the  Internat tonal  Union 
of  Radio  Sciences.  National  Academy  of  Sciences 
(Washington,  DC):  Vol . I,  pp.  79-88,  1976.  (15  refs) 

The  effects  of  3.0-CHz  microwave  pulses  on  the 
auditory  systems  of  cats,  dogs,  chinchillas,  and 
humans  were  Investigated  \o  determine  microwave 
hearing  threshold  parameters  for  different  mammalian 
spjcies.  The  average  energy  density  per  microwave 
pulse  at  the  threshold  of  producing  an  auditory- 
evoked  response  in  the  anintals  studied  was  10.3  pJ/ 
cm-  at  pulse  widths  of  less  than  20  usee.  The 
average  threshold  energy  density  of  microwave 
pulses  that  could  be  heard  by  human  subjects  was 
10.6  uJ/cm‘  for  pulse  widths  of  less  than  20  \.sec. 
However,  three  of  eight  subjects  could  nor  hear 
pulses  below  20  usee  in  width  at  maxinxim  peak  p^^wer 
settings.  There  was  no  clear  correlation  between 
ability  to  hear  microwave  pulses  and  hearing 
threshold  as  nwasured  by  standard  audiograms. 

However,  these  audiograms  did  not  test  hearing 
thresholds  above  a frequency  of  8 kHz.  and  It  Is 
possible  that  an  inability  to  hear  microwave  pulses 
can  be  correlated  with  hearing  losses  at  higher 
f requenc les. 

5552  RELATIVE  CATARACTOGENIC  POTENCIES  OF  TWO 
MICROWAVE  FREQUENCIES  (2.45  and  10  GHz). 

Hagan,  G.  J.;  Carpenter,  R.  L.  l*i: 

Ffft'ota  of  .'V/V'ofr: 

n^vrv  of  "FFi'/VKFi  AnytHiil  .'fivft'*)*?,  .K'uZ.iVr 

Ootobt'V  197i',  Sponsored  by  U.S.  National 

C^'vmmltlee  c^f  the  Internat  ional  Unicin  of  Radio  Sciences, 
National  Academy  of  Sciences  (Washington.  DC):  Vol. 

I , pp.  143-155,  1976.  (26  refs) 

The  role  of  microwave  frequency  in  the  experimental 
induction  of  lens  opacities  was  investigated  by 
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trradiatin9  the  eyes  of  rabbits  for  JO  min  with 
either  2.Ui-  or  lO-GHr  continuous  wave  radiation  at 
various  power  levels.  A dielectric  lens  was  used 
to  focus  radiation  on  the  eye  region,  with  distances 
from  the  emitting  horn  to  the  dielectric  lens  and 
from  the  latter  to  the  eye  kept  the  same  In  all 
experiments.  The  induction  of  lens  opacities 
required  less  power  at  the  lower  frequency.  At 
2.45  GHt,  the  lowest  power  density  at  which 
opacities  developed  In  more  than  5®  of  the  experi- 
ments was  295  mW/cm^;  whereas,  at  10  GHz,  the  lowest 
power  density  for  a corresponding  effect  was  375 
mW/cm^.  At  2.li5  GHz,  flll  eyes  exposed  to  power 
densities  of  325  nW/cm^  or  greater  developed 
opacities;  whereas,  at  10  GHz,  this  occurred  only 
when  the  power  density  was  higher  than  AlO  mW/cm^. 

At  a frequency  of  10  GHz,  more  heating  occurred  In 
the  aqueous  humor  of  the  anterior  chamber  in  front 
of  the  lens,  while  heating  was  greater  In  the 
vitreous  body  behind  the  lens  at  the  lower  frequency. 
The  focusing  factor  of  the  dielectric  lens  used  was 
greater  for  the  higher  frequency.  The  lower 
frequency  clearly  possessed  greater  cataractogenic 
potency  despite  the  fact  that  the  10  GHz  frequency 
had  a considerably  greater  heating  effect  on  the 
aqueous  humor. 


5553  SANGUINE  EXTREME  LOW  FREQUENCY  ELECTRO- 
MAGNETIC FIELDS;  EFFECT  OF  LONG-TERM 
EXPOSURE  ON  SOIL  ARTHROPODS  AND  OTHER  ANIMALS  IN 
NATURE.  (Sn^.]  Greenberg,  B.  In:  Biolo^ual 
Effects  of  Electromagnetic  Utiuse:  Selected  Fapera 
of  the  USNC/UESI  Annual  Meeting,  Boulder  CO,  October 
'i-Z3,  1B7S.  Sponsored  by  U.S.  National  Committee 
of  the  International  Union  of  Radio  Sciences, 

National  Academy  of  Sciences  (Washington,  DC) : 

Vol.  I,  pp.  187-200,  197S.  (12  refs) 

Demographic  analyses  of  soil  arthropods  and  metabolic 
studies  of  five  animal  species  are  being  conducted 
at  the  Wisconsin  test  facility  containing  the 
Navy's  Project  Sanguine  extreme  low  frequency  low 
energy  communications  system  to  determine  the  long- 
term biologic  impact  of  this  system.  Since  1972, 
there  has  been  considerable  overlap  in  predator-prey 
proportions  In  paired  test  and  control  plots, 
suggesting  similar  population  structure  and  function. 
These  proportions  have  shown  less  annual  variation 
in  exposed  plots  than  In  control  plots.  After  6 yr 
of  exposure  to  extreme  low  frequency  radiation,  the 
ratio  of  Cryptostigmata  to  Collembola  in  the 
original  Hazleton  test  plot  is  almost  exactly  the 
same  as  In  1969,  before  antenna  turn-on.  A total 
of  23  tests  measuring  oxygen  consumption  and 
respiratory  quotient  in  earthworms,  redworms,  slugs, 
wood  I Ice,  and  redbacked  salamanders  has  revealed 
two  marginally  significant  differences  in  the 
metabolic  rates  of  exposed  animals.  In  1972, 
exposed  woodlice  had  a higher  metabolic  rate,  but 
six  tests  performed  in  subsequent  years  have 
disclosed  no  significant  differences.  The  metabolic 
rate  of  exposed  redworms  was  lower  In  197A,  but  not 
before  or  after.  Field  and  laboratory  observations 
of  the  above  animals  have  produced  no  evidence  of 
abnormalities  in  behavior,  habitat  selection,  or 
external  features  and  pigmentation. 


CURRENT  LITERATURE 


555A  EFFECTS  OF  A FIELD  FREE  SPACE  ON  THE 

CIRCADIAN  ACTIVITY  RHYTHM  OF  THE  HOUSE 
SPARROW,  PASSER  DOMESTTCUS.  (Eng.)  Bliss,  V.  L.; 
Heppner,  F.  H.  In:  Biological  Effects  of  Electro- 
magnetic Uai'ea:  Selected  Papers  of  the  USNC/URSI 
Annual  Meeting,  Boulder  CO,  October  20-27,  197S. 
Sponsored  by  U.S.  National  Committee  of  the  Inter- 
national Union  of  Radio  Sciences,  National  Academy 
of  Sciences  (Washington,  DC):  Vol.  1,  pp.  225-237, 
1976.  (2A  refs) 

Experiments  were  performed  to  test  the  hypothesis 
that  cyclic  changes  in  the  intensity  of  the  earth's 
magnetic  field  can  entrain  the  circadian  activity 
rhythm  of  the  house  sparrow,  Riseer  domesticus. 

Two  sets  of  Weber  colls  were  constructed:  one  set 
for  experimental  birds  and  one  for  controls.  The 
set  of  experimental  colls  was  regulated  by  a power 
supply  that  compensated  the  intensity  of  the  earth's 
magnetic  field  within  the  coil  to  0 G i 200  gammas. 
Eight  nonmagnetic  cages  (one  bird  per  cage)  were 
placed  within  each  coll.  The  perch-hopping  activity 
of  each  bird  was  monitored  by  an  event  recorder. 

Both  experimental  and  control  birds  were  entrained 
to  a light-dark  8-hr:l6-hr  cycle  for  2 wk.  For  2 
more  wk,  the  light  cycle  was  maintained,  while  the 
experimental  birds  were  exposed  to  a near  0 G field 
for  8 hr  a day;  these  8 hr  of  near  0 G field  were 
synchronized  with  the  light  period.  For  the  last 
4 wk  of  the  experiment,  all  birds  were  placed  in 
constant  darkness,  with  the  magnetic  field  cycle 
being  maintained  for  the  experimental  birds. 
Enright's  periodogram  analysis,  analysis  of  covar- 
iance, and  circular  statistics  showed  a significant 
difference  between  the  two  groups  of  birds.  The 
periodogram  showed  that  the  period  lengths  of  the 
control  birds  were  longer  than  those  of  the 
experimental  birds.  Analysis  of  covariance  showed 
that  control  birds  were  significantly  more  active 
between  l800  and  2400  hr  of  the  day  compared  with 
experimental  birds.  Circular  statistics  indicated 
that  the  midpoints  of  activity  time  were  signifi- 
cantly later  for  controls  than  for  experimental 
birds. 


5555  THE  INSOUCIANT  SPARROWS  OF  CONSTANT  I NOV : 

A CASE  STUDY  OF  ELECTROMAGNETIC  ETHOLOGY. 
(Eng.)  Bern,  D.  J.;  Trzaska,  H.  In:  Biological  Ef- 
fects of  Electromagnetic  Waves:  Selected  Papers  of 
the  VSSC/URSI  Annual  Meeting,  Boulder  00,  October 
20-23,  197S.  Sponsored  by  U.S.  National  Committee 
of  the  International  Union  of  Radio  Sciences,  Na- 
tional Academy  of  Sciences  (Washington,  DC);  Vol. 
1,  pp.  284-288,  1976.  (5  refs) 

Observations  on  sparrows  nesting  within  a pseudo- 
coaxial line  of  an  antenna  used  for  transmitting 
longwave  (277  kHz)  radio  signals  are  reported.  The 
antenna,  located  In  Constant  I nov , Poland,  was  a 
vertical  ant  I -fade  type  with  a height  of  646  m and 
a capability  of  radiating  radio  frequency  energy 
in  excess  of  2 MW.  The  sparrows  built  a nest  with- 
in the  Inner  array  of  wires  of  the  pseudo-coaxial 
line  near  the  feed  point  of  the  antenna.  The  avian 
parents  made  frequent  trips  from  nest  to  beyond, 
from  Inner  through  outer  conductors  of  the  pseudo- 
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\.ov<\t^l  1 ln«»,  aih\  fiv>m  microvnll  to  kllovt>ll  fields. 
Om  p ihc  bt^by  !V|><»rrow?>  strelcbcii  tbclr 

mull  thpli  werp  (n  the  enerqy  rivh 

region  iietween  Inrrer  arnJ  oulei  loniiuclor^  of  the 
psen*lo-«  OAX I al  line.  Gross  but  virtually  vonslant 
\>bsprvntlon  of  the  bluK  by  r.siilo  st^^llon  operating 
prisonn*-*!  over  a period  i>f  weeks  revest  led  no  111 
elfetls  o)  tlevinnt  bebtivloial  v henges  In  the  evl^n 
Portents  oi  In  their  bimrd. 


k‘.'ih  INUHAcnONS  nHWllN  NIRVOUS  llSSUfS  AND 

WlAK  INVIRONMINIAl  HK'THIC  HUOS.  (PH;.) 
b.rv^ln.  i.  M.  ; Alley,  W.  R.  ,’m; 

' lx*^*?.^;nef  j‘.»  hor’i^n;  ih*> 

/V'T, ’ 7Vi' iVii'hpy' 

Sponsored  by  II. S.  N^rtlonal  Crxisnlliee  of  the 
Internet  Umal  UnUm  of  Redlo  Srlenies,  NetUnrel 
At  fldenry  of  Sciences  (Washington,  OC):  Vr>!  . 1, 
pp.  »;i  f30.  I'Vb  i7(>  refs) 

Isolated  chlik  v.eiebial  heorl  sphei  es  And  striated 
mvisv  le  spet  Imerrs  as  well  as  cat  cetehral  cirrlex 
were  preliunhated  with  radioactive  calcium  and 
espersed  to  ex  1 1 etru' I y U'w- f i egueru  y fields  (l“/h  M/). 
tirese  experiments  were  performed  to  deternrlrre  If 
prevlonsly  observed  irrr.reases  in  calcium  efflux  f r erm 
chick  brain  tissues  exposed  tc»  amp  1 1 1 ude-nxulul  at  ed 
ver  Y*“hlgh- f 1 eguenc  Y fields  were  the  result  c>f  the 
1^/  Mil;  carrier  wave  in  con  lurti  I loir  with  the  nx>dula- 
t Irv)  or  were  due  solely  Ir'  the  low- fr  ecjuetrc  V 
amplitude  nx>dulatlon  component  of  the  ladiatlorr. 
he»  I eases  In  calclunr  efflux  from  cirick  hrairr  llssite 
were  seen  under  tm»s(  field  coniUflons  whe»>  brain 
samples  wore  separately  expc»srd  tc'  fields  at  I,  b, 
lb,  anct  f?  M7  at  peak  field  cpadletUs  (>f  S , 10,  bb , 
and  100  V/m  Maximal  ami  statistically  slgtrif  leant 

decreases  In  calcitmr  efflux  occurred  with  field 
gradlerrts  of  10  V/m  at  b airtl  l(i  and  bb  V/m  at 
the  same  f t eguetri  I es  . CbUk  muscle  tlssries  were 
un.affected  by  a field  condllforr  (lb  H/,  10  V/m) 
tfi.rt  Indrned  a deirease  Irr  calclunr  release  f r c>nr 
bralrr  t I ssrres  In  cat  cerebral  cortex,  slgniflcairt 
ledihlioto.  in  « .s I « 1 nm  release  Occurred  at  b M;  and 
It  ri;  .It  b('  V/m  field  ijradlerrt  •.  Ibese  similes 
I *'  IP  .» t e I liai  I nb  I b I I Ion  of  c al  i I nm  r e 1 f ase  I rr 
l.itid  «l»lit«  .end  (.«r  irrelnal  rissne  expirsed  to 
I !«•**  I r r.pieni  V fields  depends  on  b«'llr  f fre 
• » *»*llfude  .'I  Mu  Im  IdenI  tield 

. « ‘r  I • en  t s m 1 t It  I t I nde  rmufu  1 a I ed 
» .,«|.rs  st*  wed  an  eifital  Imi 

. . < <>.  (iipi  r « • ' Mften 

, • ‘ d » r «•  » ' c ••  I a 

, r*.-.  I 

t'«'  t be  r e \ » 

sign.il  .ind  I f>r  l.>u  t.. 

M nc  e st  r I a t r d musi  I r appeal . 

to  fields  that  elicited  a clear  tr**  « 

tissue,  ttervenis  tissue  appear  s (o  h.ive 
physlta)  properties  that  render  It  sensitive  ti* 
spec  I f I < ext  remr I y weak  e 1 ec  1 1 I < a I s t Imu I a I I on 
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Manthel  , R.  C.;  Glaser,  T,  R.  dr;  .'h'o/.yjo.r/  P’/V'r'Ofr* 
of*  PVe.’f rs'miij;uef koPea;  fU/’erv  .’/*  I'/ro 

I'/'M  V/W;'/  A*mn>iJ  H'j«/.fep  (%’,  .‘b’- ."d, 

S|x>nsored  by  U.S.  National  Contmlttee  ot  the 
Inter  rtat  ional  ilitlort  of  Radio  Sciences,  Natloiral 
Academy  of  Sciences  {Waxhlrrgton,  DC):  Vc>l  . I,  pp. 
3lil-3Sl.  I'i/b.  (II  refs) 

Chronic  recoidirtgs  erf  e I ec  t rocort  f cograms , elec.lrcr- 
oculograms,  and  elec  t romyirgi  ams  were  obtalrred  dally 
< rcMM  adult  irtale  rabbits  oit  a ?i4-hr  basis  following 
dally  2-hr  pulsed  microwave  exposuie  at  1./  GM/ 

(1,000  ptrlses/sec,  b0^»  duty  cycle,  10  mW/c.m"'  p«»wer 
derrsity)  for  60  days  t(>  develcrp  a met  lx>dolc'gy  for 
delemrlnlng  the  effects  cif  nonlortl/lnq  plecttc>* 
magitctlc  radiation  ort  the  sleep  process  c^f  aitimals. 

A svtrgfcal  implant  assembly  was  designed  to  allow 
for  chronic  |x^st  I rradlai  Ion  rect>rdlng,  while  allow- 
ing no  nreialllc  elenreirts  to  he  associated  with  the 
srtl))ecls  dur  ittg  microwave  exposure.  A unicjue  ap 
plication  of  logic  circuitry  allowetl  foi  the  giiarr 
(irication  of  both  the  freguency  artd  duiatlcur  of 
rapid  eye  iwtvement  sleep  stage  episodes.  Alllnnigh 
It  Is  ItHt  early  Ur  conerent  on  the  |H»sslhle  rela 
tlonshlps  between  elec  t rmnagnet  Ic  iadlall«rrr  and 
par ardoxl c a 1 steep,  the  sleep  process  Is  viewed  as 
a |H>tential  Index  ot  certlial  rtei  vorrs  system  adap- 
tal  Ion  to  pnrlonged  e I ec  t romagnet  I c radlatlorr  ex|H»- 
sur  e. 


b!)bd  A COAXIAl  AIR  I INI  MICROWAVI  I XPOSURI 

SYSTCM;  RtSPIRAIORY  ACTIVITY  Of  MITO- 
CMONDRIA  IRRADIATin  At  7-U  GIU.  (P'nt;.'  Ildrt,  d . 
A.;  All,  J.  S.;  long,  N.  0.;  Anderson,  G.  t,  /g; 

d/  P.Vdo/ p ’r»jj;ne/ ;*.♦  k'jpee;  .'V/eo- 
fe.?  I’o/'erM  of  ihti  iV'/Vi*  bK.'«|  A»Pin.»;  bon/./er 

»\’fdi'ep  Sponsored  by  U.S.  National 

Committee  of  the  (rUei  rrat  (onal  Urrlorr  of  RadU'  Sc  I * 
ernes,  Nat  Ional  Academy  i>f  Silences  (Washington, 
nc):  Vol.  1,  pp.  TS2  U'b,  iq/b.  {70  refs) 

A system  was  develoj>od  to  c o(rt  I rrrrous  I y cltcrdafe 
rat  liver  mi  lt>c  Ixunlt  I a ttnough  a coaxial  all  line 
and  oxygen  electrode  cell  so  that  ml  to*  IhuuIi  la 
were  exposed  to  2-ir  Git/  mlcrt>wave  radiation  while 
biochemically  active  and  so  that  r esp  1 1 .it  Ion  co^rld 
he  measiiied  as  the  mi  toc  Ixurdr  I a I suspension  t lowed 
from  the  air  line.  The  rat  liver  mitochondria 
were  Irradiated  f<n  approximately  10  min  at  fre 
guencles  ot  /.itb,  f.  0,  and  l.lr  fdt/  al  bl  W/kg  oi 

al  a low  absorbed  dose  rate  of  1 .b  ?.T  W^kg  over 

A tiegueruy  range  of  / b GH/  at  sweep  times  i>l  0.1 
.end  to  set  Rates  of  respiration,  respiratory 
i«»ni»nl  (allies,  amf  .sdenuslne  d I pix'sphat  e/oxygen 
f « r n ■ MV  » e .If  I e t m I ned  .U  t 0 t with  sui  t 1 na  t e , 

«'■  »-■•<  Ity  lit  > t s > lull  > I a t e .ss  s«ibst  t .st  es  . 
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of  Cho  USmC/UHSI  AnriULtl  H'ul-itir 

Ootobt/t-  2S-S3,  J976.  Sponsored  by  U.S.  N«tion4il 
Conmtttee  of  the  International  Union  of  Radio  Srleni  -t, 
National  Academy  of  Sciences  (Washington,  DC):  Vul . 

I.  pp.  1976.  (25  refs) 

Mice  and  rats  exposed  to  19-MHz  radiation  with  a 
magnetic  field  of  55  A/m  and  an  electric  field  of 
8,000  V/m  In  a near  field  synthesizer  were  compared 
with  similar  animals  exposed  In  a thermal  environ- 
ment that  produced  a comparable  rise  In  body 
temperature  to  measure  physiologic  systems  known 
to  be  affected  by  hyperthermia.  The  growth  of  mice 
exposed  to  radiation  on  days  5 through  10  after 
birth  was  not  affected.  After  the  exposure  of  adult 
mice  for  ko  min/day  for  5 days,  a substantially 
higher  death  rate  was  observed  in  both  Irradiated 
and  thermally  heated  male  mice  compared  with 
similarly  treated  female  mice  and  male  control  mice. 

The  irradiation  and  thermal  treatments  produced  an 
average  rise  In  rectal  temperature  of  approximately 
I C.  After  irradiation,  26%  of  the  male  mice  died, 
while  only  5%  of  the  female  mice  died.  Thermal 
exposure  produced  a death  rate  of  21%  In  n»le  mice 
and  In  female  mice.  After  single  AO-min  radia- 
tion or  thermal  exposures  of  rats,  the  average 
rise  In  rectal  temperature  was  approx Imatel y I C. 

No  lethality  was  observed  In  either  Irradiated  or 
thermally  heated  rats,  and  no  remarkable  changes 
were  seen  In  the  levels  of  acetylcholine  or 
catecholamines  after  Irradiation  or  thermal  exposure. 
Although  no  changes  were  seen  In  cyclic  adenosine 
monosphosphate  after  Irradiation,  some  Irradiation- 
related  changes  In  high  energy  phosphates  were  seen. 
Significant  changes  were  seen  In  the  concentrations 
of  several  cations  In  the  brain  after  Irradiation; 
most  notably,  the  zinc  concentration  In  the  cerebral 
cortex  Increased  from  0.28  pmole/mg  to  0.53  pmole/mg 
after  Irradiation.  By  far  the  most  striking  effect 
of  the  radiation  exposure  of  rodents  in  these 
experiments  was  the  Increased  death  rate  of  male 
ml  ce. 


5560  QUANTIFICATION  AND  MEASUREMENT  OF  INDUCED 

FIELDS  INSIDE  FINITE  BIOLOGICAL  BODIES. 
(Kng. ) Chen,  K.-M.;  Guru,  B.  S.;  Nyquist,  D.  P. 

!n:  Biologioal  Effeote  of  ffZnpf lyvniignafto  Vaveg; 
Peleotad  Papers  of  the  USN/VftPI  Annual  Meeting, 
Poulde”  CO,  Ootobor  20-23,  197b.  Sponsored  by  U.S. 
National  Committee  of  the  International  Union  of 
Radio  Sciences,  National  Academy  of  Sciences 
(Washington,  DC);  Vol.  II,  pp.  19-63,  1976. 

(13  refs) 

Electric  fields  Induced  In  finite  biologic  bodies 
by  Incident  electromagnetic  radiation  were  theoret- 
ically quantified  by  a tensor  integral  equation 
method  and  experimentally  measured  by  Insulated 
field  probes.  For  the  experimental  measurements, 
a nieet.er  of  rsperlmental  models  with  various 
dimensions  were  lonstrutted  with  plexiqias  and 
f.iletf  with  4 saline  solution  The  models  were 

• d.s'e.t  at  ti  '-loett,  I es  r an.|  I iit|  t roei  I . 7 - 3 • 0 GHz 
„>  t.  I «t  ...  - I,  at  lent  agreement  was 
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dls«ieiren,  twtween  -e,.rel-.  arsa  esuer  Imettia  I 
results  ..n  I'.la  ' r‘  It  I elc~-  weir  found 

ttt  esisi  teat  t rw  . - tr  -t  tise  Is  .Sue  t.  at, 
Inherent  e«iser  taental  e'.:*  at-s  -t  ‘ ,,  It,  1 1« 
Implantable  ttel  t , ' 'be  ’He  le<  .le,  _ a;oal'.. 

was  used  to  guanlltv  the  l.tial  e‘.  it  t.ela  and 
the  absitt  bed  psaser  .tenslls  In  a n,^,an  t.,^  ..  • -t 

by  vertiially  arul  tetr  l ztesl  al  I v polar, zed  a . e,  I 
magnetic  waves  at  var  ukis  treguen,  les  In  the 
numeric  calculation  ot  the  tensor  integral  agual...*' 
sufficiently  accurate  results  wete  oltained  it  the 
size  of  the  cells  was  kept  smaller  than  one  tout th 
ot  the  free-space  wavelength.  Althou<ih  with  this 
cell  size  It  is  nut  possible  to  predict  the  exact 
pattern  of  the  standing  wave  Inside  the  body,  it 
was  accurate  enough  to  predict  the  induced  electric 
field  at  the  centers  of  the  cells.  If  a itxire 
accurate  pattern  of  the  standing  wave  Is  needed, 
it  is  only  necessary  to  reduce  the  cell  size  at 
the  expense  of  Increasing  the  computing  time.  The 
numeric  tensor  Integral  equation  method  can  produce 
exact  solutions  for  the  Induced  electric  field  in 
any  arbitrarily-shaped  biologic  body,  with  the 
only  limitations  being  con^sutlng  time  and  computer 
storage  capacity. 


5561  MEASUREMENT  OF  RADIOFREQUENCY  POWER  AB- 

SORPTION IN  MONKEYS,  MONKEY  PHANTOMS,  AND 
HUMAN  PHANTOMS  EXPOSED  TO  10-50  MH2  FIELDS.  (Enci. ) 
Allen,  S.  d.;  Hurt,  W.  0.;  Krupp,  J.  H.;  Ratliff, 

J.  A.;  Durney,  C.  H.;  Johnson,  C.  C.  In;  Biolog- 
ioal  Sffeota  of  Eleotnmagnctio  klavee;  b’eleoted 
Papere  of  the  USSC/lIRPT  Annuiil  Meeting,  Rmlder  CO, 
Ootober  20-23,  1975.  Sponsored  by  U.S.  National 
Committee  of  the  International  Union  of  Radio  Sci- 
ences, National  Academy  of  Sciences  (Washington, 
DC):  Vol.  II,  pp.  63  95,  1976.  (7  refs) 

Perturbation  analysis  theory  was  applied  to  the 
prolate  spheroid  model  to  determine  the  theoretic 
power  absorption  over  a broad  range  of  frequencies 
and  to  check  the  validity  of  these  calculations 
using  prolate  spheroid  phantoms  to  represent  man 
and  monkeys.  Power  absorption  measurements  In 
live  nonkeys  were  made  to  determine  the  validity 
of  the  prolate  spheroid  model.  The  perturbation 
analysis  when  coupled  with  an  ellipsoid  model  suc- 
cesfully  predicted  absorbed  power  In  animals. 
Prolate  spheroid  theory  and  measurement  predicted 
low  levels  of  power  absorption  for  man  exposed  to 
10-30  MHz  radiofrequency  fields.  For  50  mW/cm^ 
exposures  with  cross  polarization,  only  12  W of 
total  power  absorption  was  predicted  at  30  MHz;  at 
10  MHz,  slightly  over  1W  total  absorbed  power  was 
predicted.  Compared  with  man's  basal  metabolic 
rate  of  80  W at  rest  to  600  W for  heavy  labor, 

50  mW/cm^  at  frequencies  below  30  MHz  represents 
an  almost  Insignificant  thermal  insult.  Power 
absorption  measurements  for  monkey  phantoms  and 
live  monkeys  over  frequencies  of  10-50  MHz  revealed 
that  the  absorbed  (xiwer  decreases  approximately  as 
the  square  of  the  frequency  decreases  for  all 
phantom  as  well  as  monkey  exposures.  These  data 
Indicate  the  need  for  frequency-dependent  radlo- 
f.'equency  radiation  hazard  standards. 
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Nutiondl  Conimittoe  of  the  I ntei nn t ion,t I Oni.m  .-f 
R.tJlo  Sciences,  National  Academy  of  Scleiuey 
tWayhi  11‘Uon,  OC);  Vol.  II,  pp.  96-118,  19/6. 

iKr  hufn.in  b«H*t  wa^  I La  1 ly  simulated  to  deter- 

■»r  !t>*  resptuise  of  the  body  to  the 

rpi  <Ar>  lit  ihmulhi  I / j otj  radltitlon,  with  particular 

iph4\t  y f.  tKr  t of  tilfforeot  sweat  rate 

Ti.t^r  4Hr%  wrrr  a.  4>n\ « dci  ed  : eneryy 

; I hr  hr.*J  4iLvuJioA)  to  the  so  hit  ion  for 
• h ' • • . -‘f*  leposiird  In  the  body  In 

»r  • * • t t '»e  t N.ir  *■'4  »!’  ■ '»ei  gv  deposited 

4\t.uiAfitg  t('  phanf**-  mnir  i 4tul  itufx  results  for 
4 stunJtiHi  human  Short  and  h»ng  t m*  espA'sures 
Mere  rmvlrlva  b>  perr-iiiio^  the  bhi«»J  Mt*M  t<t  vary 

avsordiig  t4>  an  eth^ti.e  h>v  a *tet4h«klh  ,«r<Hlui  t ii>n 

SubstAintlal  diftefeiiies  Mere  f>Ki)Ad  by  ai  • i ' | ytlMerent 
swiMt  n>A>Atels,  etiH>has  I / i itAj  the  teeU  fio  further 
wv^rk,  I defining  the  precise  n.itur**  itf  sMerting  .iitit 
its  response  to  external  sti'nuli  Ca  I a.  u I at  iim*- 
n>ade  assuminAj  that  the  blixid  fii«w  can  adjusl  t(> 
the  apparent  local  n^tabolic  rate  suggest  that  such 
adjustments  will  increase  the  central  core  tem|>era- 
tures,  thus  aggravating  the  prtrblems  associated  with 
the  absorption  of  non-ioni/ing  radiation. 

9963  THE  ATTENUATION  FUNCTION  FOR  BIOLOGICAL 

FLUIDS  AT  MILLIMETER  AND  FAR-INFRAREO 
WAVELENGTHS,  II  linger,  K.  H.  In:  Rh’hv 

L\xl  of  K^eotr\^^n}a(J^wt^o  W.itv*i:  Sett\'ttid 

of  thv  Annuot  MOiftifuu  R.’uh/t’r  A', 

P.*h>hr>‘  Sponsored  by  U.S.  National 

Conwtittee  of  the  International  Union  of  Radio  Sci- 
ences, National  Academy  of  Sciences  (Washington, 

DC):  Vol.  II,  pp.  169-182,  1976.  (27  refs) 

An  attenuation  function  for  biologic  fluids  at 
millimeter  and  far-infrared  wavelengths  exhibiting 
relaxation  and  resonai\ce  absorption  of  electro- 
magnetic radiation  is  described  via  a theoretic 
model,  which  evades  the  (physically)  Incorrect  limit 
for  the  attenuation  function  for  a Debye-type  relax- 
ation process.  The  colllslonal  Interruption  of 
absorption  and  emission  of  electromagnet ic  radi- 
ation by  molecular  fluids  Is  treated  In  terms  of 
a formulation  describing  the  efficiency  of  colll- 
slonal  perturbation  as  a function  of  the  field 
frequency.  The  attenuation  function,  and  hence  the 
depth  of  penetration,  is  co»)puted  on  the  basis  of 
this  model,  and  the  results  of  the  theory  are 
compared  with  existing  experimental  results  for 
liquid  water  and  typical  biologic  tissue.  Whereas 
the  Debye  assumption  precludes  the  existence  of 
windows  In  the  attenuation  function  for  a polar 
liquid  like  water  above  the  microwave  region,  the 
present  model  Is  consistent  with  a rapid  Increase 
In  the  relaxation  contribution  to  the  attenuation 
distam.e  for  frequencies  of  about  10**  GH/.  This 
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pirJivtiAtn  has  implications  nt)t  only  for  the  pen- 
firatioo  of  c I ec t nvnagnet ic  radiation  into  aqueous 
tystams  and  biologU  tissues  but  also  for  the  pro- 

* le  ot  bla(khi»dv  radiation  emitted  by  biologic 

c.trs  4t  I hr  mllllmetei  and  tar-intrared  frequen- 
r\  4n»  '♦r»w  ,■  ( rattiAimrlry  .«MaI  I hermography  of 
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H H auKitteAvi  » R(  qul  Nt  V AND 
rUlARlMtimi  miTm  ANI*SAl  m 
Schfot,  J . HawS  1 • , 

i’kvi'a/.S'.;;  t.er.  i u.  ■ . . 

id,  Sp«>ns4>i  caI  ‘v  Nalo'oal  i ••••ifer 

The  Internal  ional  Union  A>t  Hadi>*  «en  r N.«tiin4l 
Academy  of  Sciences  ^Washington.  DCI  V»»l  li. 
pp.  I8A-I92,  1976.  (13  refs) 

Latency  to  tonlc-clonlc  convulsion  was  itwasuied  iit 
mice  (2S"30  g),  small  rats  (100-129  g) . arul  large 
rats  (380-420  g)  as  they  were  1 nd  i v i iUia  1 1 v rniH>seAl 
to  a l90-mW/cnr  continuous  wave  microwave  lleld  to 
Investigate  the  interaction  of  microwiive  frequency 
.»nd  polarization  with  animal  slzo.  Groups  of  anl- 
tmIs  were  e>Ap4>sed  to  different  ccxublnat  Ions  of 
fteguency  and  (>o  I ,ir  i za  I ion . Frequencies  of  710. 
‘♦US.  1,700,  2.490,  and  5.000  MHz  were  used  and  at 
eaA H frequency  the  electric  field  was  polarized 
either  horizontally  01  vertically  and  aligned  par- 
allel o«  ^•er  peiHi  i c u I ar  I y , respectively,  with  the 
long  asis  of  the  ani>«ial's  body.  The  results  showed 
that  I n { er  ai  t iiH^s  .f«>  (h  . ur  between  micfAiwavt*  fre- 
quency and  an  I'M  I st/e  Maximum  vulnei abi 1 1 1 y 
AHcurreAl  at  l«*wrr  freituenA  trs  .is  aninuil  size  in- 
creased. With  a hitr  I ztAnt  a I I V pol.iri/ed  electric 
field  the  an-mals  ««efe  •mtsi  sensitive  when  bt^dy 
length  was  abc>ut  ime-half  ot  the  wavelength  The 
hc>r  i zont  a i i y polarized  eleAtric  f'eld  . >nc  • s(i '>t  I y 
produced  the  shortest  convulsiAm  lilenvies  *0 
thermore,  as  animal  size  lnA.reased.  the  *«e1j 
paranieters  interacted  to  prA»duie  l.ii.^er  i^t'lariza 
tlon  differentials  at  lA>wrr  freguenc  ies  Thf 
results  support  argunx'nts  for  the  careful  AAH>sid 
eration  of  both  field  parameters  and  target  dl«m-n 
sions  in  hazards  evaluation. 


5569  PERFORMANCE  OF  THE  LCOF  PROBi  IN  CALORI- 

METRIC AND  TISSUE  TEMPERATURE  MONITORING 
APPLICATIONS.  J Livingston,  G,  K.  ; Roz/ell, 

T.  C.;  Johnson,  C.  C.;  Durney,  C.  H.  In:  PioiOxi- 
ioa!  Fffoottt  of  Flooti\^n\ii}nofio  W.nrt'ii*: 

Papeve  of  tho  Annual  Mot  fhiij, 

i.d76.  sponsored  by  U.S.  Na- 
tional Committee  of  the  Internet Ional  Union  of 
Radio  Sciences,  National  Academy  of  Sciences 
(Washington,  DC):  Vol.  II,  pp.  239"248.  1976. 

(4  refs) 

Performance  parameters  obtained  during  a series  of 
calorlnretric  and  hyperthermic  experiments  are  re- 
ported for  a liquid  crystal  optic  fiber  (LCOF) 
probe  designed  to  obviate  perturbation  problems 
Induced  by  metallic  sensor  ccwponenls  during  tem- 
perature measurements  In  microwave  heating  exper- 
iments. The  temperature  probe  has  two  shortcomings: 
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hysteresis  and  ageing  of  the  sensing  medium.  Ex- 
perimental results  have  consistently  shown  that 
reflectance  for  the  body  temperature  probe  (32-^5  C) 
heated  to  kS  C does  not  remain  constant  over  the 
course  of  one  day's  experiments  but  drifts  gradu- 
ally downward.  If  the  shift  In  the  probe's  response 
Is  monitored  by  periodic  calibrations,  the  accuracy 
can  be  held  to  0.1  C and  often  less.  Otherwise, 
the  drift  problem  results  In  errors  of  0.25  C when 
only  one  calibration  Is  performed.  The  ageing 
effect  of  the  probe's  sensing  medium  results  in 
progressive  decay  In  the  response  curve  over  a time 
period  of  Intensive  use.  However,  In  terms  of 
useful  life  of  the  sensor,  many  months  of  reliable 
performance  have  been  demonstrated  with  one  such 
probe  being  accurate  to  0. I C after  9 mo  of  use  in 
hyperthermia  experiments  on  several  hundred  mice. 
Overall,  the  shortcomings  of  the  probe  can  be  con- 
trolled or  minimited  so  that  this  thermal  sensing 
device  has  considerable  practical  value. 


SSbb  IJtPmiHlNTAl  CALIBRATION  OF  A MINIATURE 

ELECTRIC  FIELD  PROBE  WITHIN  SIMULATED 
MUSCULAR  TISSUES.  (>\!.  ) Cheung,  A.;  Bassen,  H.  ; 
Swicord,  M.  ; Witters,  D.  To;  .Vt.'.'.’jrt >M.'  h’ffiic'te 
.'/■  nwM,/n»'f i.’  Waive.'  .■Te/e.'te.f  Ptifvn'  of  tht/ 

Uo'XiWKsr  We.-riht/,  (V,  A’tohof  XO-SS, 

Sponsored  by  U.S.  National  Committee  of  the 
International  Union  of  Radio  Sciences,  National 
Academy  of  Sciences  (Washlngtixi,  DC):  Vol.  II, 
pp.  32A-332,  1976.  (8  refs) 

A miniature  Isotropic  electric  field  probe  consisting 
of  three  orthogonal  dipoles  (each  2.5  mm  In  length) 
with  Integral  diode  detectors  was  theoretically 
and  experimentally  evaluated  for  its  capability 
to  accurately  determine  electric  field  strengths 
within  multilayered  biologic  systems.  Using  a 
well-established  buried  transmission  line  theoretic 
model,  the  antenna  impedance  was  analyzed  with 
respect  to  various  Implantation  situations.  It 
was  demonstrated  both  analytically  and  experimental- 
ly that  for  deep  Implantation  In  muscle  very  little 
change  (t  102)  In  probe  response  occurs  with  respect 
to  the  free  space  response  of  the  probe  over  the 
freguency  range  of  0.915-2.1*5  GHz.  In  addition, 
when  In  very  close  proximity  to  the  muscle-fat  or 
nuscle  air  (worst  case)  boundary,  no  observable 
change  In  probe  fesponse  cH.curred  because  of  dipole 
Impedance  variations  A lacL  of  significant  elec- 
tric field  perturbation  by  l*v  probe  Itself  was  also 
deasmst rated  In  a muse  le  egulvaleni  slab. 


SS6;  A NEW  SrStEM  fOR  INVISIICAtlNU  NONthlRMAt 

EFFECT  OF  MICROWlAyiS  (IN  (IIIS  ex.. 

Lin,  J,  C.  /»i;  .Nt.'.’.yi.* I ' ‘'-v.oe  •'  *'  v -'w, 

rrsjgnatt.r  Witva-  .‘wr/ts're./  I'lf  i'm  ' 'he  ' 'T.  ‘ V.  . 

Anmult  NWattri,;,  S'ul.Ur  T'.  IP  . 

Sponsored  by  U.S.  National  Committee  of  the  Inter 
national  Union  of  Radio  Sciences,  National  Academy 
of  Sciences  (Washington,  OC):  Vol.  II,  pp.  TSO- 
355.  1976.  (10  refs) 

A fluid-filled  waveguide  exposure  system  with  a 
micrepipette  sample  holder  has  been  developed  to 


Isolate  nonthernal  effects  of  microwave  radiation 
on  mammalian  cell  cultures  from  those  effects 
resulting  froni  cell  temperature  rise.  The  system 
allows  for  more  precise  calibration  of  the  Incident 
and  absorbed  microwave  energies.  The  capability 
of  the  system  was  demonstrated  on  Chinese  hamster 
somatic  cells  irradiated  for  20  min  with  2,ll50-MHz 
microwave  radiation  at  power  densities  ranging 
from  1-500  nM/cm^.  No  significant  differences 
were  found  between  cells  exposed  to  100  mW/cm*  or 
less  and  controls.  At  these  power  densities,  the 
cell  temperature  stayed  constant  at  37  C.  Clearcut 
cytotoxic  effects  were  seen  however  when  an  Incident 
power  density  of  500  mW/cm^  (1,100  mW/g  absorbed) 
was  applied.  The  cells  exposed  to  this  power 
density  had  a temperature  rise  of  about  5 C due  to 
the  limited  pumping  capacity  of  the  exposure 
system's  circulator.  Qualitatively,  a slower  growth 
rate,  changes  In  cell  structures,  and  differences 
In  the  size  of  Individual  colonies  after  a 12-day 
incubation  period  were  observed  In  cells  exposed  to 
500  mW/cm^  of  radiation.  Irradiated  cells  also 
shovrad  Increased  vacuolization  In  addition  to 
morphologic  transformations.  In  more  recent  experi- 
ments in  which  a constant  temperature  circulator 
with  refrigeration  capability  was  used  to  control 
the  temperature  of  the  exposure  system's  bathing 
solution  to  within  t I C,  Irradiated  cells  did  not 
show  any  morphologic  change.  With  further  Improve- 
ments In  the  apparatus,  the  exposure  system  may 
serve  as  a prototype  for  future  studies  of  the 
thermal  and  nonthermal  Interaction  mechanisms  of 
microwave- Induced  biologic  changes  In  living 
organisms  at  the  cellular  level. 


5Sb8  MEA&URLMENT  OF  ELECTRIC  AND  MAGNETIC  FIELD 

STRENGTHS  FROM  INDUSTRIAL  RADIOFREQUENCY 
(15-AO  68  MHz)  POWER  SOURCES.  (hSty.  J Conover,  D. 

L.;  Parr.  W.  H..  Sens Intaf far , E.  L.;  Hurray,  W.  E. 
In:  Hioti'fii.sil  fffuota  of  ‘"v.’f fc'.iiva: 
.'Jplaota./  I'lifvra  .■/'  fh»  I'lf::;  Amiutl  ftuatiny, 

K'ut.lar  .V,  .V'f.'/vr  lO-So,  IP'S.  Sponsored  by 
U.S.  National  Cixemitlva  of  (he  Intarnat  lonal  Union 
of  Radio  Sciancas,  National  Academy  of  Silences 
(Washington,  DC)  Vol  11.  pp  tSb-t62.  IR/6 
(9  refs) 

Measurements  of  radio  freguency  (RF  IS  AO  b8  MHz) 
electric  and  magnetic  field  strength  exposures 
geneiated  by  power  sources  having  application  in 
the  textile,  lumber,  and  plastics  Industries  are 
presented.  Measurements  were  taken  at  distancas 
less  than  1 m from  sources  where  operating  person 
nel  were  located  using  monitors  that  were  construited 
and  calibrated  for  noar-fleld  exposure  measurements 
A cxigiarison  of  the  field  strength  exposures  with 
the  American  National  Standards  Institute  C95.I-I5/'' 
Ri  Microwave  Personnel  Exposure  Standard  radiation 
esp«*su(e  guides  revealed  that  902  of  the  sources 
es.eeded  the  eleitric  field  strength  guide  of  200 
V - and  Bos  .»*  the  sources  exceeded  the  magnetic 
field  strength  guide  of  O.S  A/m  These  guides 
were  exceeded  by  factors  as  high  as  five  for  the 
electric  field  and  by  as  high  as  2S  for  the  magnetic 
field  These  measurrwnts  dexxenstrate  that  a very 
tigrrifliani  xwgnet  Ic  field  strength  |*ersimnel 
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Biological  Effects  of  NonionUing  Electroniagnetic 
Radiation  III4I,  June,  1978 


exposure  can  be  completely  neglected.  If  commercial 
far-field  power  density  monitors  (with  dipole 
antenna  elements)  that  respond  only  to  the  electric 
field  component  of  an  RF  field  are  used.  It  is 
important  not  to  neglect  the  magnetic  field 
strength  component  of  the  RF  field  because  magnetic 
field-induced  power  absorption  (In  biologic  phantom 
models  of  man)  predominates  for  near-field  exposure 
cond i t I ons . 


I 5569  BROADCAST  RADIATION:  A SECOND  LOOK, 

i (Eng.)  Tell,  R.  A.;  Janes,  0.  E.  In; 

Biologioal  Effects  of  Eleatromagnetia  Waves: 
i Selected  Papers  of  the  VSNC/VRSI  Annual  Meeting, 

' Boulder  CO,  October  20-23,  1975.  Sponsored  by 

U.S.  National  Committee  of  the  International  Union 
: of  Radio  Sciences,  National  Academy  of  Sciences 

! (Washington,  DC):  Vol.  II,  pp.  363-388,  1976. 

(47  refs) 

Data  obtained  from  field  measurements  and  theoretic 
calculations  on  power  densities  near  radio  and 
television  broadcast  stations  are  reviewed.  Hazard 
surveys  at  various  broadcast  instal lat ions  indicate 
that  broadcast  stations  are  a major  source  of 
radio  frequency  exposure  In  the  environment,  and  if 
the  circumstances  are  right,  environmentally 
significant  exposures  (1-10  mU/cm^)  may  occur.  In 
particular,  an  analysis  of  326  frequency-modulated 
(FM)  broadcast  stations  revealed  that  the  maximum 
computed  power  density  Is  about  21  mW/cm^  for  a 
! roof  top  location  in  Oklahoma  City.  Moreover, 

86  of  these  326  stations  could  potentially  produce 
a power  density  of  1 mW/cm^  or  higher.  It  is 
suggested  that  the  currents  and  local  fields  on 
energized  broadcast  towers  should  be  investigated 
I further  to  determine  actual  exposure  and  absorbed 

' dose  data  for  personnel  working  on  these  towers. 

Careful  consideration  should  also  be  given  to 
work  on  towers  or  buildings  immediately  adjacent 
to  high  power  broadcast  stations,  especially  ultra- 
high-frequency  television.  At  present,  no  environ- 
mental standard  exists  for  RF  or  microwave 
exposure,  although  careful  examination  is  being 
given  to  the  range  between  1 and  10  mW/cm^, 

5570  SYSTEM  FOR  QUANTITATIVE  CHRONIC  EXPOSURE 
OF  A POPULATION  OF  RODENTS  TO  UHF  FIELDS. 
(Eng.)  Guy,  A.  W.;  Chou,  C-K.  In:  Biological  Ef- 
fe  ’ts  of  Electromagnetic  Waves:  Selected  Papers  of 
the  ''SSC/UESI  Annual  Meeting,  Boulder  CO,  October 
'‘O-Ti,  1975.  Sponsored  by  U.S.  National  Committee 
of  the  Internal ional  Union  of  Radio  Sciences,  Na- 
tional Academy  of  Sciences  (Washington,  DC):  Vol. 
II.  PP  389-410.  1976.  (II  refs) 

A system  for  economically  exposing  a large  popula- 
tion of  rodents  to  ultra-high  frequency  electro- 
maqnettc  fields  over  long  periods  of  time  without 
disturbing  the  animals'  normal  laboratory  living 
patterns  is  described.  The  system  consists  of  a 
ntaeber  of  individual  exposure  cells  connected 
through  a power  divider  network  to  a single  poster 
source.  The  use  of  separate  cells  consisting  of 
cylindrical  waveguide  sections  excited  with  circu- 
larly polarized  guided  waves  provides  relatively 


constant  and  easily  quantifiable  coupling  of  the 
fields  to  each  animal  regardless  of  their  position, 
posture,  and  moving  patterns.  The  standing  wave 
ratio  to  each  cell  Is  sufficiently  low  that  any 
number  of  cells  can  be  coupled  to  the  single  power 
source  through  a power  splitter  without  the  need 
for  isolation  circuitry.  For  instance,  a low  cost 
700-W  microwave  source  built  from  parts  of  a micro- 
wave  oven  power  supply  can  be  used  with  the  system 
to  expose  as  many  as  200  animals  to  an  average 
power  density  as  high  as  10  mW/cm^. 


5571  MAPPING  OF  FREE  SPACE  AND  SCATTERED  FIELDS 
IN  MICROWAVE  DIATHERMY.  (Eng.)  Kantor, 

G.;  Bassen,  H.  I.;  Swicord,  M.  L.  In:  Biological 
Effects  of  Electromagnetic  Waves:  Selected  Papers 
of  the  USNC/URST  Annual  Meeting,  Boulder  CO,  Octo- 
ber 20-23,  1975.  Sponsored  by  U.S.  National  Com-  I 

mittee  of  the  International  Union  of  Radio  Sciences, 

National  Academy  of  Sciences  (Washington,  DC):  Vol. 

II,  pp.  411-422,  1976.  (3  refs) 

Near-fleld  measurements  of  external  2,450-MHz  elec- 
tric fields  around  a Type  B microwave  diathermy 
applicator  were  performed  In  free  space  and  in 
conjunction  with  simulated  biotissue  to  obtain 
typical  maps  of  fields  around  diathermy  applicators 
presently  in  clinical  use.  The  Type  B applicator 
was  found  to  be  relatively  ineffective,  since  the 
major  portion  of  its  near-field  (longitudinal)  is 
inefficient  in  generating  tissue  heating.  Also, 
the  transverse  component  of  the  near  field  con- 
tributing to  the  heating  pattern  in  the  center  was 
about  five  times  lower  than  that  at  the  off-center 
field  maxima  (30  mW/cm^  and  140  mW/cm^ , respectively). 

Scattered  fields,  which  could  expose  unprescribed 
tissue  to  microwave  radiation,  were  measured  in 
conjunction  with  a phantom  arm,  and  it  was  found 
that  large  longitudinal  field  components  can  con- 
stitute a hazard  at  grazing  incidence;  for  grazing 
incidence,  the  aperture  of  an  applicator  is  defined 
as  being  non-parallel  to  the  surface  of  the  phantom 
or  patient.  Under  these  conditions,  the  Impinging 
longitudinal  field  Is  the  main  source  for  micro- 
wave  heating  since  it  Is  oriented  at  a shallow 
angle  with  respect  to  the  surface  of  the  biologic 
material.  The  above  findings  lead  to  the  conclusion 
that  for  flat  surface  irradiation  special  applicator 
designs  with  minimal  longitudinal  field  components 
are  most  desirable  for  optimum  efficacy.  Further- 
more, such  designs  are  safer  since  they  eliminate 
the  possibility  of  overexposure  due  to  grazing  in- 
cidence. 


5572  BEHAVIORAL  EFFECTS  OF  ELECTROMAGNETIC 

ENERGY.  (Eng.)  Frey,  A.  H.  (Randomline, 
Inc.,  Huntingdon  Valley,  Pa.).  In;  Symposium  on 
Biologioal  Effects  and  Measurement  of  Radio  Frequen- 
cy /Microuaves.  Proceedings  of  a Conference  held  in 
Rockville,  MD  on  February  16-18,  1977.  Sponsored 
by  BRH  and  WHO  Collaborating  Center  for  Standardiza- 
tion of  Protection  Against  Nonionizing  Radiation, 
pp.  11-22;  1977.  (6  refs) 

The  effect  of  electromagnetic  energy  on  the  behavior 
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of  Sprague-Odwley  rats  was  investigated.  In  one 
series  of  experiments,  rats  were  exposed  to  contin- 
uous wave  or  pulsed  (0.5  or  0.1  msec  pulse  width, 
1,000  pulses/sec)  electromagnetic  radiation  at  fre- 
quencies of  1.0,  1.3,  or  1.5  GHz,  average  power  lev- 
els ranging  from  0.005-0.2  mW/cm^,  and  peak  power 
levels  of  0.05-0.2  mW/cm^  during  a paln-Induced  ag- 
gression situation.  Irradiated  rats  exhibited  a 
docility  response  relative  to  sham-irradiated  con- 
trols in  this  situation,  and  the  data  suggested  a 
positive  linear  relationship  between  the  degree  of 
docility  and  peak  power  employed.  The  threshold 
for  the  radiation-induced  docility  response  was  a 
peak  power  between  0.05  and  0.1  mW/cm^ . There  were 
indications  that  continuous  wave  energy  was  not  as 
effective  as  pulsed  energy  in  eliciting  docility, 
although  rats  exposed  to  either  type  of  energy  were 
significantly  more  docile  than  their  sham- I rrad lated 
counterparts.  In  a second  series  of  experiments, 
rats  performing  a balancing  task  on  a rotating  rod 
were  exposed  to  I-,  I.3-,  or  I.5"GHz  pulsed  radi- 
ation (1,000  pulses/sec,  0.5  msec  pulse  width)  at 
various  average  and  peak  power  levels.  Rats  ex- 
posed to  1.3  or  1.5-GHz  radiation  were  adversely 
affected  compared  with  controls  In  terms  of  motor 
coordination  or  balance  In  the  task,  and  the  peak 
power  threshold  for  this  effect  was  between  O.k  and 
2.8  mW/cm^. 


5573  FREE-OPERANT  AVOIDANCE  AND  ESCAPE  FROM 

MICROWAVE  RADIATION.  J Monahan,  J. 

C.  (Div.  Biological  Effects,  Bureau  Radiological 
Health,  Food  S Drug  Admin.,  Dept.  Health  Education 
& Welfare,  Rockville,  MD  20852);  Henton,  W.  W.  fn: 
Sympoetum  on  Biologic'al  Kffeata  and  Meaeufi'mont  of 
Radio  t'requenoy/ttioPOWiweB,  Iroodedinga  of  a Con~ 
feranoo  held  in  Rockville,  MD  on  Feht'uary  18-18, 
1977.  Sponsored  by  BRH  and  WHO  Collaborating  Center 
for  Standardization  of  Protection  Against  Nonioniz- 
ing Radiation,  pp.  23-32;  1977.  O'*  refs) 

Studies  to  determine  the  stimulus  properties  of  mi- 
crowaves in  a free-operant  avoidance-escape  paradigm 
were  conducted  with  male  CF1  mice.  Experimental 
mice  wore  exposed  to  continuous  wave  2.b5-CHz  mic- 
rowaves (averaged  absorbed  dose  rate  of  kb  mW/g) 
paired  with  a 2,900-Hz  tone,  while  sham  subjects 
were  e.xposed  to  the  tone  only.  During  the  session, 
all  mice  could  make  responses  to  the  exposure  by 
Interrupting  a light  beam,  which  passed  through  the 
animal  holder.  If  no  response  was  made,  then  the 
tone  remained  on  for  the  entire  session.  If  the 
subjects  responded  during  the  tone,  it  was  termin- 
ated and  remained  off  for  12  sec.  This  was  con- 
sidered an  escape  response.  If  the  subjects  re- 
sponded during  this  tone-off  period,  each  response 
would  delay  the  onset  of  tone  for  12  sec.  This  was 
considered  an  avoidance  response.  Sham- I rradlated 
mice  tended  to  have  very  low  response  rates  or  only 
occasional  bursts  of  responding;  whereas,  irradiated 
mice,  whose  responses  either  permitted  them  to  avoid 
or  escape  the  radiation,  responded  consistently 
throughout  the  experimental  session.  Furthermore, 
sham- I rradlated  mice  had  a much  higher  Interresponse 
time  than  irradiated  mice  who  had  mean  exposure 
on-tImes  of  less  than  20  sec.  Irradiated  mice  were 
categorized  by  their  response  patterns  into  escape 


animals,  avoidance  animals,  and  mixed  response  ani- 
mals. For  a given  subject,  this  response  pattern 
remained  consistent  across  experimental  sessions. 
These  data  show  that  microwave  radiation  can  serve 
as  a noxious  stimulus  that  will  maintain  an  active 
Instrumental  avoidance  or  escape  behavior  over  re- 
peated experimental  sessions. 

5574  MICROWAVE  ABSORPTION  AND  TASTE  AVERSION 

AS  A FUNCTION  OF  915  MHz  RADIATION.  (hlmj.  ) 
Monahan,  J.  C.  (Olv.  Biological  Effects,  Bureau 
Radiological  Health,  Food  & Drug  Admin.,  Dept. 

Health  Education  6 Welfare,  Rockville,  MO  20852); 
Henton,  W.  W.  In:  Dymfiiieium  on  Biological  Kffecta 
and  Meaeurement  of  Radio  Fncquency /Microuax’ee , Pro- 
ccndinija  of  a Confetninoe  held  in  Rockville,  MD  on 
Rebvuai'y  18-18,  1977.  Sponsored  by  BRH  and  WHO 
Collaborating  Center  for  Standardization  of  Protec- 
tion Against  Nonionizing  Radiation,  pp.  34-40; 

1977.  (17  refs) 

Individually  housed  male  Sprague-Dawley  rats  were 
divided  into  four  subgroups  of  eight  rats  each  and 
were  exposed  while  restrained  In  a waveguide  to  915- 
MHz  continuous  wave  radiation  at  forward  power  lev- 
els of  19.0,  9.1,  5.0,  or  0.0  (sham)  W,  respectively, 
immediately  following  15  min  of  access  to  a lOt  su- 
crose solution  to  test  the  effect  of  microwave  ex- 
posure on  taste  aversion.  Absorption  of  microwave 
energy  was  relatively  unchanged  throughout  a 15-min 
exposure  to  a forward  power  of  5.0  W;  whereas, 
microwave  absorption  progressively  decreased  during 
exposures  to  forward  power  levels  of  9-1  and  19.0 
W.  When  each  rat  was  again  given  access  to  sucrose 
24  hr  later,  there  was  no  indication  of  a condi- 
tioned taste  aversion  in  Irradiated  rats  when  com- 
pared with  Sham-Irradiated  controls.  These  results 
do,  however,  suggest  a temporal  pattern  In  the  ab- 
sorption of  microwave  energy  by  living  organisms. 

They  also  suggest  that  the  calculated  energy  absorp- 
tion may  not  be  a complete  characterization  of 
microwave  effects  when  averaged  across  exposure 
duration;  rather,  they  suggest  a systematic  alter- 
ation In  energy  absorption  within  exposure  condi- 
tions that  may  require  a sequential  analysis  of 
time  and  Intensity  exposure  parameters.  Moreover, 
the  microwave  attenuation  effect  may  be  related  to 
elicited  orienting  behavior  within  the  microwave 
field,  which  minimizes  energy  absorption  and  max- 
imizes energy  reflection  suggesting  that  actual 
absorbed  microwave  energy  may  be  a dependent  vari- 
able characterizing  the  subject's  behavior  rather 
than  an  Independent  variable  exclusively  defining 
microwave  properties. 


5575  BEHAVIORAL  PROTOCOLS  AND  PRELIMINARY  OB- 
SERVATIONS OF  CHICKS  EXPOSED  TO  WEAK  AM- 
PLITUDE MODULATED  450  MHz  FIELDS.  (Rng.)  Medici, 

R.  G.  (Environmental  Neurobiology  Lab.,  Brain  Res. 
Inst,,  UCLA,  Los  Angeles,  CA) ; Sagan,  P.  M.  In: 
Ryms'oeium  on  Biological  Rffecta  .mil  Meaeurrment  of 
Radio  Ftiequency/MiciyitAtvee.  Pt^^ceedinge  of  a I'on- 
fetnsnee  held  in  Rockville,  MD  on  Fehi'uavy  lfi-18, 
1977,  Sponsored  by  BRH  and  WHO  Collaborating  Center 
for  Standardization  of  Protection  Against  Nonion- 
izing Radiation,  pp.  41-53;  1977.  (15  refs) 
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A proyrjnmatlc  approach  for  Investigating  the  ef- 
fects of  weak  amplitude  modulated  kSO-MHz  electric 
fields  on  the  behavior  of  experimental  animals  is 
described  along  with  some  preliminary  results. 

Based  on  experiments  dealing  with  the  effects  of 
weak  extremely  low  frequency  fields  on  the  behavior 
of  primates,  a series  of  studies  has  been  designed 
to  assay  the  behavioral  effects  of  weak  amplitude 
modulated  kSO-MHz  fields  in  neo.natal  chicks  and 
wild  mallard  ducklings.  The  approach  Is  three  dl- 
mensionil.  Tests  will  be  done  at  different  power 
levels,  with  special  attention  being  given  to  the 
possibility  of  voltage  windows.  Tests  will  be 
done  at  different  modulation  frequencies,  with  spe- 
cial attention  being  given  to  biologically  relevant 
frequencies,  and  tests  will  be  made  across  Increas- 
ingly complex  time-based  schedules  of  reinforce- 
ments. Preliminary  studies  with  neonatal  chicks 
exposed  for  20  min  to  a ItSO-MHz  field  (5  mW/cm‘) 
amplitude  modulated  at  3 or  16  Hz  with  a fixed  time 
schedule  of  reinforcement  suggest  that  simple  ac- 
tivity 'neasures  are  inadequate  assays  of  possible 
weak  effects;  whereas,  latency  measures  are  sensi- 
tive to  the  presence  of  the  field.  At  both  mod- 
ulation frequencies,  the  20-min  exposure  to  the 
field  was  associated  with  markedly  reduced  laten- 
cies. Further  testing  is  being  done  to  confirm 
these  preliminary  observations. 

5576  MICROWAVE  HYPERTHERMIA  AND  VISUALLY  EVOKED 
POTENTIALS:  PRELIMINARY  OBSERVATIONS  OF 
GUINEA  PIGS.  (Rfuu ) Justesen,  0.  R.  (Lab.  Exper- 
imental Neuropsychology,  Veterans'  Admin.  Hosp.  , 
Kansas  City,  MO);  Bruce-Wolfe,  V.  i>i;  .-ll/ni’i’Slun  on 
Sfft'L'ttt  jn,/  t of  Hadio  Frthjueti- 

oy  'tHoroUiW^e.  FYvcve.iinjjti  of  o Conforonoo  hiitd  in 
Rockville,  MP  on  Febn^iri/  1977.  Sponsored 

by  BRH  and  WHO  Collaborating  Center  for  Standardi- 
zation of  Protection  Against  Nonionizing  Radiation, 
pp.  5'i-6I;  1977.  (13  refs) 

The  effect  of  microwave  hypertliermla  on  visually- 
evoked  potentials  In  guinea  pigs  was  Investigated. 
Latencies  of  an  early  component  (Nj)  of  the  visually 
evoked  electrocort leal  response  (VER)  of  two  guinea 
pigs  were  observed  as  a function  of  body  tempera- 
ture, which  was  elevated  by  brief  exposures  to  mi- 
crowave radiation.  Body  temperature  elevation  was 
achieved  by  exposing  the  animals  to  2,k50-MHz  mic- 
rowaves modulated  as  a half-wave  sinusoid  at  60  Hz 
and  applied  at  a rate  of  30  mW^g  until  the  rectal 
temperature  reached  l<2  C.  Each  animal  undenvent  a 
minimum  of  10  radiation  treatments  with  accompanying 
observations  of  the  VER.  Each  treatment  was  sep- 
arated by  a minimum  of  23  hr.  A U-shaped  curvilinear 
relation  was  observed  In  which  the  N;  latency  de- 
creased as  temperature  fell  from  61  to  39.5  C and 
then  increased  as  body  temperature  continued  to 
fall  to  38  C.  The  temperature  for  optimal  rates 
of  neural  processing  of  sensory  information  may 
therefore  be  I to  2 C above  that  of  the  resting 
norm.  Barring  artifact,  the  Inverted  U-functlon 
may  be  taken  as  evidence  of  optimization  of  rates 
of  n'»ural  activity  and  Information  processing  as 
the  guinea  pig's  body  temperature  is  normally  ele- 
vated to  temperatures  near  39.5  C during  behavioral 
hyperarousal . 


5577  BROADBAND  MEASUREMENTS  OF  DIELECTRIC 

PROPERTIES.  (£>1-;.;  Swicord,  M.  L.  (Bur- 
eau Radiological  Health,  Food  & Drug  Admin.,  Dept. 
Health  Education  and  Welfare,  Rockvilli  D 20852). 
Fn;  Sympoeiun  on  Pioloyiool  Fffoote  o’lI  Mooeut'i-nont 
of  Kodio  Fr\;^uonoy/M> on'UiiVt'e.  hw'oedinoe  of  o 
Conferonoe  hold  in  Rockville,  HP  on  FePenovy  Id- IF, 
1977,  Sponsored  by  BRH  and  WHO  Collaborating  Center 
for  Standardization  of  Protection  Against  Nonioniz- 
ing Radiation,  pp.  71-80;  1977-  (6  refs) 

A method  for  measuring  the  dielectric  constant  of 
liquid  or  gel  samples  over  a frequency  range  of 
0.5-18  GHz  was  developed  to  obtain  a possible  par- 
ameter for  predicting  the  existence  of  frequency 
selective  biologic  effects  during  electromagnetic 
field  exposures.  The  method  avoids  solutions  to 
transcendental  equations,  and  its  solution  is  inde- 
pendent of  sample  thickness.  A limitation  of  the 
method  Is  that  the  total  useful  frequency  range  Is 
constrained  by  the  practical  size  of  sample  con- 
struction. Since  samples  can  be  constructed  as 
thin  as  2 mm,  the  upper  practical  frequency  range 
Is  well  above  I8  GHz.  Samples  much  longer  than  20 
cm  are  Impractical,  suggesting  a lower  frequency 
limitation  of  about  200  MHz  or  possibly  500  MHz 
for  most  dielectrics  of  Interest.  The  nwthod  is 
particularly  adaptable  for  use  with  automated  sys- 
tems but  can  also  be  used  with  slotted  lines.  Data 
on  various  samples  (air,  lauric  acid,  plexiglas, 
bone,  selastic  rubber,  and  muscle)  were  obtained 
using  an  automatic  network  analyzer  and  were  found 
to  agree  with  slotted  line  data  and  expected  re- 
sults. 


5578  aUANTITATION  OF  MICROWAVE  BIOLOGICAL  EF- 
FECTS. iKiuu  ) Chou,  C-K.  (Bioelectro- 
magnetics Res.  Lab.,  Dept.  Rehabilitation  Medicine 
RJ-30,  Univ.  Washington  Sch.  Medicine,  Seattle,  WA)  ; 
Guy,  A.  W.  In:  A/mfw/um  on  Pioh\iicol  Fffecta  ^md 
Miwauvement  of  Ruiio  Fveqttoncy .'Mi c>\'tAwea . I'tw'Ced- 
inye  of  o Confeivnce  held  in  Rockville,  MP  <'n  FeP- 
lfi-18,  1977,  Sponsored  by  BRH  and  WHO  Col- 
laborating Center  for  Standardization  of  Protection 
Against  Nonionizing  Radiation,  pp.  81-103;  1977. 

(23  refs) 

Research  on  microwave  biological  effects  supported 
by  the  Bureau  of  Radiological  Health  and  performed 
In  the  Bioelectromagnetics  Research  Laboratory  of 
the  University  of  Washington  School  of  Medicine 
over  the  past  5 yr  is  described.  In  addition  to 
the  experimental  development  of  quantitative  meth- 
ods Involving  thermograms  and  phantom  materials, 
theoretic  studies  were  performed  to  achieve  a better 
understanding  of  the  relal liwshlps  between  frequency, 
dielectric  properties,  and  the  size  and  shape  of 
objects.  Neurophys lolisglc  e-perlmenfs  were  per- 
formed with  emphasis  on  delineating  the  mechanisms 
of  microwave  effects.  Thernxsqraphic  and  phantom 
models  of  man  were  used  to  determine  energy  ab- 
sorption In  man  exposed  to  coeanon  sources  of  elec- 
tromagnetic energy.  The  problem  of  using  metal 
electrodes  for  electrophyslologlc  recordings  during 
microwave  exposure  was  demonstrated,  and  an  alter- 
native technique  using  high  resistance  carbon  elec- 
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trodes  was  developed.  Techniques  for  chronically 
exposlnq  animals  in  a circularly  polarized  field 
at  minimal  cost  were  also  developed.  Work  was  also 
performed  on  the  development  of  safe  methods  and 
the  evaluation  of  hazards  for  the  application  and 
monitoring  of  electromagnetic  energy  in  diathermy 
practice.  Both  in  vivo  and  in  vitro  experiments 
demonstrated  that  the  effect  of  acute  exposure  to 
continuous  wave  and/or  pulsed  microwaves  on  the 
electrophysiologic  properties  of  the  nervous  system 
is  thermal  In  nature.  The  threshold  for  a latency 
shift  In  the  thalamic  evoked  responses  appears  to 
fall  between  2.5  and  5-0  W/kg  specific  absorption 
rate  (SAR)  in  exposed  tissues,  which  is  about  25-50!t 
of  the  normal  metabolic  rate  of  brain  tissue.  When 
extrapolated  to  humans,  the  incident  power  density 
required  to  produce  an  equivalent  SAR  in  the  head 
of  man  is  between  10  and  25  mW/cm^.  Studies  on 
microwave  auditory  effects  provided  strong  evidence 
that  the  mechanism  of  microwave  hearing  is  electro- 
mechanical In  nature.  Studies  on  diathermy  safety 
and  applicator  design  revealed  that  the  9 -MHz  di- 
rect contact  applicator  not  only  provides  better 
therapeutic  heating  but  also  produces  less  leakage 
than  the  existing  2,A50-MHz  "C"  director.  Thermo- 
graphic measurements  of  man  exposed  to  very  high 
frequency  radiation  Indicated  that  peak-measured 
SAR  values  may  exceed  the  estimated  averaged  values 
by  more  than  an  order  of  magnitude  In  various  loca- 
tions of  the  body. 


5579  NEAR-FIELD  MEASUREMENTS  OF  RF  FIELDS. 

Ruggera,  P.  S.  (DIv.  Electronic 
Products,  Bureau  Radiological  Health,  Food  S Drug 
Admin.,  Dept.  Health  Education  & Welfare,  Rockville, 
MD  20852).  In:  Sympoaiu/n  on  Biolog' oal  Effeota  and 
Meaaurementa  of  Radio  Fnequenay /tHat'cnxmea . Pw- 
oeedinga  of  a Confevenoe  held  in  Roakville,  MD  on 
Februaiy  16-18,  1977.  Sponsored  by  BRH  and  WHO 
Collaborating  Center  for  Standardization  of  Protec- 
tion Against  Nonionizing  Radiation,  pp.  lOA-llh; 
1977.  (1  ref) 

Near  field  electric  and  magnetic  field  data  (along 
with  their  equivalent  far  field  power  density)  are 
presented  for  radio  frequency  sealers,  electro- 
surgical  units,  and  citizen  band  (CB)  radios.  In 
all  three  cases,  typical  operating  conditions  were 
found  in  which  the  currentiv  held,  though  voluntary, 
American  National  Standards  Institute  standard  of 
10  mW/cm^  was  exceeded.  The  most  widely  used  source 
of  radio  frequency  radiation  emissions,  and  possi- 
bly the  one  with  the  greatest  potential  for  public 
exposure,  is  the  CB  radio  operating  at  27  MHz. 
Electric  fields  equivalent  to  a free  space  power 
density  of  18.2  mW/cm^  were  measured  at  12  cm  from 
a hand-held  CB  unit  operating  at  the  legal  maximum 
output  power  of  A W.  A point  of  major  concern  In 
CB  Is  the  widespread,  though  Illegal  (FCC  regula- 
tions), use  of  linear  amplifiers  to  achieve  an 
output  power  of  up  to  1,000  W.  It  was  also  demon- 
strated that  It  Is  necessary  to  measure  both  the 
electric  and  the  magnetic  field  for  assessing  po- 
tential hazards  of  radio  frequency  radiation;  con- 
ventional power  density  measurements  give  quite 
different  results. 


5580  ELECTRIC  FIELD  MEASUREMENTS  WITHIN  BIO- 
LOGICAL MEDIA.  (Eng.)  Cheung,  A.  Y. 

(Inst.  Physical  Science  S Technology,  Unlv.  Mary- 
land, College  Park,  MD) . In:  Sympoeiutn  on  Biolog- 
ical Effeota  and  Meaaurement  of  Radio  Fneguency/ 
Miorooavea.  Pnoocedinge  of  a Conference  held  in 
Rockville,  MD  on  February  18-18,  1977.  Sponsored 
by  BRH  and  WHO  Collaborating  Center  for  Standard- 
ization of  Protection  Against  Nonionizing  Radiation, 
pp.  117-135;  1977.  (9  refs) 

The  use  of  an  implanted  miniature  isotropic  elec- 
tric field  probe  for  the  direct  measurement  of 
electric  fields  at  microwave  frequencies  (0.915- 
2. <15  GHz)  was  theoretically  and  experimentally  ex- 
plored. Using  a model  of  burled  antenna  transmis- 
sion line  and  insulated  dipole,  the  antenna  Imped- 
ance was  analyzed  with  respect  to  various  Implanta- 
tion situations.  The  use  of  a small  insulated  di- 
pole as  the  detection  element  enables  the  probe's 
response  to  an  electric  field  to  remain  relatively 
constant  with  regard  to  the  electrical  properties 
of  the  media  surrounding  the  probe.  Material  in- 
homogenel t les  and  temperature  changes  do  not  affect 
this  relationship,  even  though  these  produce  slg- 
nlgflcant  variations  occurring  in  the  magnitude  of 
the  dielectric  constant  of  the  biologic  media. 
Therefore,  a properly  designed  probe  may  be  cali- 
brated In  free  space  and  then  used  as  an  implant- 
able probe  in  infinite  media  without  spatial  cal- 
ibration. Using  this  approach,  errors  of  less 
than  ± 101  were  encountered  when  experiment’ i ly 
measured  fields  in  a large  muscle-equivalent  slab 
were  compared  with  theoretically  computed  field 
strengths  Induced  by  plane  wave  Irradiation  of  the 
slab  at  0.915-2. 45  GHz.  In  addition,  when  in  very 
close  proximity  to  a muscle-fat  or  muscle-air 
(worst  case)  boundary,  no  significant  change  oc- 
curred In  the  probe  response  because  of  dipole 
Impedance  variations.  This  Is  unique  to  the  spe- 
cific probe  design  utilized  in  which  the  diode 
detector  Impedance  is  much  higher  than  the  antenna 
Impedance,  thus  eliminating  dipole-boundary  Inter- 
action. 

5581  INTERNAL  DOSIMETRY  AND  EXTERNAL  MICROWAVE 
FIELD  MEASUREMENTS  USING  MINIATURE  ELEC- 
TRIC FIELD  PROBES.  (Eng.)  Basson,  H.  (Div.  Elec- 
tronic Products,  Bureau  Radiological  Health,  Food 

S Drug  Admin,,  Dept.  Health  Education  S Welfare, 
Rockville,  MO  20852).  In;  Sympoaium  on  Biological 
Effeota  and  Meaaurement  of  Radio  Frequency /Micro- 
uavea.  Prooeedinga  of  a Conference  held  in  Rock- 
ville, MD  on  February  16-18,  1977.  Sponsored  by 
BRH  and  WHO  Collaborating  Center  for  Standardiza- 
tion of  Protection  Against  Nonionizing  Radiation, 
pp.  136-151:  1977.  (5  refs) 

An  optically-linked  electromagnetic  probe  system 
with  a frequency  range  of  0.2-12  GHz  and  a measure- 
ment range  of  20  pW/cm^  to  20  mW/cm^  equivalent 
was  designed  for  specialized  laboratory  measurements 
where  present  probes  are  not  appropriate  due  to 
their  physical  size  or  hard-wired  readout.  The 
basic  elements  of  the  probe  are  three  orthogonal 
miniature  dipoles  (2.5  mm  long),  each  on  Its  own 
substrate.  A pair  of  hIgh-resIstance,  thin  film 
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leads  (97,000  ohms/cm)  transmits  the  detected  sig- 
nal from  the  antenna  to  a second,  lower-i esi stance 
pair  of  long  leads.  The  probe's  small  size  provides 
the  maneuverability  and  high  spatial  resolution 
reguired  to  map  fields  with  steep  spatial  gradients 
or  those  in  confined  areas,  such  as,  animal  expo- 
sure restrainers.  A fiber  opt i cal  I y- I i nked  telem- 
etry system  provides  radiofrequency  Interference 
immunity  and  enhances  accuracy  below  1 GHz  by  elim- 
inating cable  scatter.  The  absolute  accuracy  of  the 
probe  is  t I dB  at  calibration  points.  The  probe 
system  was  tested  at  a frequency  of  490  HHz  as  a 
field  mapping  device  to  evaluate  an  animal  exposure 
chamber.  The  small  size  of  the  probe  provided 
good  spatial  resolution  of  the  fields  and  allowed 
the  mapping  of  areas  within  the  animal  restrainers 
and  the  chamber  to  be  performed  easily,  even  in 
small  confined  areas.  The  probe  was  also  used  to 
measure  fields  within  simulated  and  actual  biologic 
specimens.  Although  the  cylindrical  cross  section 
of  the  probe  (4-5  mm)  made  implantation  studies  in 
a cat's  brain  Impracticable  because  of  the  possi- 
bility of  extensive  tissue  damage  and  bleeding,  a 
preliminary  design  with  a cross-section  of  about  2 
mm  has  been  developed,  which  should  allow  for  more 
flexibility  in  both  the  selection  of  implantation 
sites  and  the  elimination  of  the  complete  Immobil- 
ization of  an  animal  during  irradiation. 

5582  A FINITE  ELEMENT  TECHNIQUE  FOR  CALCULATING 

INDUCED  INTERNAL  FIELDS  AND  POWER  DEPOSI- 
TION IN  BIOLOGICAL  MEDIA  OF  COMPLEX  IRREGULAR  GEO- 
METRY EXPOSED  TO  PLANE  WAVE  ELECTROMAGNETIC  RADIA- 
TION. 7 Neuder,  S.  M.  (DIv.  Electronic  Pro- 

ducts, Bureau  Radiological  Health,  Food  i Drug  Ad- 
min., Dept.  Health  Education  S Welfare,  Rockville, 

MD  20852).  on  S^iotoiiioaL  Effeota  and 

yoaeurt-rtont  of  Ra.iio  Fnaquonoit/yi oi\^K\ivaa . PtK>oeed- 
irtjia  of  a i'onforo’U’f  ho!.!  in  Rookvitla,  M."  on  Feh- 
tuary  .'fi-lS,  1^/7.  Sponsored  by  BRH  and  WHO  Col- 
laborating Center  for  Standardization  of  Protection 
Against  Nonionizing  Radiation,  pp.  170-190;  1977, 

(7  refs) 

A mathematic  technique  for  calculating  induced  field 
distributions  within  irregularly  shaped  biologic 
systems  with  complex  internal  structure  Is  pre- 
sented. The  technique  makes  use  of  the  variational 
c.ilculus,  the  method  of  trial  solutions,  and  the 
finite  element  method.  The  method  Is  applied  to  a 
triple-layered  (bone,  muscle,  fat)  Irregularly- 
shaped  model  of  the  human  thigh  exposed  to  433  MHz 
plane-wave  radiation,  and  the  results  show  high 
electric  field  values  on  the  irradiated  face  with 
a rapid  decrease  as  one  progresses  in  the  direction 
of  proaagation. 

5583  COMPARISON  OF  CALCULATED  ABSORBED  DOSE 
RATE  DISTRIBUTIONS  IN  PHANTOM  HEADS  EX- 
POSED TO  2450  MHz  AND  915  MHz  PLANE  WAVE  AND  SLOT 
SOURCES,  fffnij.  ) Ho,  H.  S.  (DIv.  Biological  Ef- 
fects, Bureau  Radiological  Health,  Food  & Drug  Ad- 
min., Dept.  Health  Education  8 Welfare,  Rockville, 

MD  20852).  rn:  .‘•'ifn/h’aium  on  Pioloffioiil  Kffaota 
>pu(  He  lauvontnit  of  R.itHo  Fr'e^iamfy/Hiorouxmea. 
.'eadinje  of  .1  Confemnoa  hold  in  /fookinUo,  on 
Fehtnuiry  IF-IF,  !97?.  Sponsored  by  BRH  and  WHO  Col- 


laborating Center  for  Standardization  of  Protection 
Against  Nonionizing  Radiation,  pp.  191-200;  1977. 

(5  refs) 

Calculations  of  absorbed  dose  rate  patterns  in  7'cm 
and  3.3-cm  phantom  heads  simulated  by  dielectric 
spheres  are  made  for  plane  wave  (whole  body)  and 
slot  source  (partial  body)  exposures  to  2,450-MHz 
and  919-MHz  microwaves.  The  results  Indicate  com- 
pletely different  patterns  of  microwave  energy  ab- 
sorption for  these  two  exposures.  Plane  wave  expo- 
sure results  In  a deeper  penetration,  while  the  slot 
source  exposure  results  in  a larger  maximum  absorbed 
dose  rate.  The  penetration  depth  due  to  the  slot 
source  Increases  with  Increased  slot  width.  For  a 
given  aperture  size,  the  change  in  penetration 
depth  Is  small  when  the  source  frequency  decreases 
from  2,450  MHz  to  915  MHz  because  of  the  counter- 
balancing effects  of  increased  skin  depth  and  de- 
creased effective  slot  size.  it  is  questionable 
as  to  how  close  the  results  of  this  Investigation 
simulate  the  real  life  exposure  of  human  heads  to 
microwave  slot  sources.  One  parameter  of  concern 
Is,  for  example,  the  effective  slot  size  of  the 
exposure  field  from  a leaking  microwave  oven  door 
as  a function  of  distance  from  the  door.  Changes 
in  absorption  due  to  the  irregular  gecxnetry  of 
the  human  head  are  another  concern. 


5584  CHANGE  IN  AVERAGE  ABSORBED  DOSE  RATE  OF  A 
GROUP  OF  MICE  UNDER  REPEATED  EXPOSURE  TO 
915  MHz  MICROWAVE  RADIATION.  (Eng.)  Ho.  H.  S. 

(DIv.  Biological  Effects,  Bureau  Radiological 
Health,  Food  8 Drug  Admin.,  Dept.  Health  Education 
8 Welfare,  Rockville,  MO  20852);  Pinkavltch,  F.; 
Edwards,  W.  P.  In:  Stfmi\'3inm  on  Pioh’gii'ii!  Fffoota 
.tnii  HoaauPtiment  of  Ra.iio  Ft'o.fuon.n}.W.'i\wvaa. 
ooadinga  of  a Confonen.n-  hol.i  in  Rooki'i ! ! o , .VP  on 
FobtniaX'y  JF-18,  19??,  Sponsored  by  BRH  and  WHO 
Collaborating  Center  for  Standardization  of  Protec- 
tion Against  Nonionizing  Radiation,  pp.  201-215; 
1977.  (1  ref) 

Mice  were  exposed  repeatedly  to  915-MHz  continuous 
wave  microwave  radiation  to  Investigate  possible 
changes  in  average  absorbed  dose  rate  as  a function 
of  exposure  duration.  in  preliminary  experiments 
where  14  female  mice  were  Irradiated  with  a forward 
power  of  2.5  W for  6 hr/day  over  4 days,  resulting 
In  a mean  average  absorbed  dose  rate  of  3.4  mW7g. 
there  was  no  reduction  in  microwave  energy  absorp- 
tion during  irradiation.  However,  when  two  groups 
of  mice  (I4  males  and  14  females)  were  irradiated 
with  a forward  power  of  5 W for  8 hr/day  during 
alternate  working  days  of  the  week  for  a total  per- 
iod of  2 mo,  a reduction  of  energy  absorption  with 
exposure  duration  was  observed.  For  male  mice,  the 
microwave  energy  absorption  decreased  from  a mean 
value  of  6.9  mW/g  during  hr  1 to  a low  of  4.3  mW/g 
during  hr  6 of  Irradiation  and  then  Increased 
slightly  to  4.9  mW/g  during  hr  8 of  exposure.  For 
female  mice,  the  energy  absorption  changed  in  a 
similar  manner,  with  mean  values  of  7.3,  4.6, 
and  4.9  mW/g  during  hr  I,  6,  and  8,  respectively. 
For  both  male  and  female  mice,  the  average  absorbed 
dose  rate  seemed  lower  In  the  first  few  sessions 
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than  In  the  rest  of  the  sessions.  The  changes  In 
energy  absorption  couM  not  bo  accounted  for  by 
changes  in  air  temperature  or  body  vwight  Increase 
during  the  exposure  sessions.  These  observations 
Indicate  possible  problems  In  dosimetry  determination 
for  animal  Irradiation  systems  where  paranwters  for 
determining  the  average  absorbed  dose  rate  are  not 
monitored  during  the  Irradiation. 

5585  THE  DESCRIPTION  OF  A SYSTEM  TO  IRRADIATE 

CELLS  IN  CULTURE  WITH  MICROWAVES.  iKn.;.) 
Rablnowltz,  J.  R.  (New  York  Univ.  Medical  Center, 
Inst.  Environmental  Medicine,  New  York,  NY);  01- 
cerst,  R,  8.;  Mumford,  W.  W.  .''ri: 

,tfu!  )to!,!^uivn%int  <.'/  .Vit-fu’  ' 

.Vtv'rs'tvjiva.  of  ,j  I’cuijVtvu.**'  ht'ld  in 

Nootann*,  .VP  on  F«thncu^i  IF-?.'*,  1977,  Sponsored 
bv  BRH  and  WHO  Collaborating  Center  for  Standard- 
ization of  Protection  Against  Nonionizing  Radiation, 
pp.  216-229;  1977.  (9  refs) 

A system  for  Irradiating  biologic  preparation  and 
measuring  specific  molecular  functions  in  a temp- 
erature-controlled environment  Is  described.  The 
biologic  samples  are  placed  In  Teflon  tubes  whose 
surface  temperature  is  controlled  by  Inserting  the 
tube  into  a Jacket  through  which  a coolant  (Dodecane) 
Is  pumped.  The  use  of  the  coolant  also  provides  a 
method  for  measuring  the  power  absorbed  by  the 
sample  using  matched  thermistors  at  the  Input  and 
output  ports  of  the  jacket.  The  waveguide  Irradi- 
ation system  employs  a tuning  system  so  that  almost 
all  of  the  incident  energy  is  absorbed  by  the  sample 
and  very  little  energy  is  reflected.  The  purpose 
of  the  described  apparatus  Is  to  yield  a response 
function  that  is  dependent  on  the  bath  temperature, 
the  rate  at  which  energy  is  absorbed  from  the  field, 
and  the  time  from  the  beginning  of  the  exposure. 

The  temperature  variation  within  the  sample  can 
have  a significant  effect  on  the  biologic  response 
measured.  For  example,  with  glucose  efflux  from 
human  red  blood  cells  at  an  energy  absorption  rate 
of  200  mW/cm^,  the  temperature  variation  was  found 
to  cause  a l2-20t  Increase  in  biologic  response. 

For  adenosine  triphosphatase  activity  under  the 
same  conditions,  the  temperature  variation  was 
found  to  cause  a It0-70t.  Increase  in  biologic  re- 
sponse. The  effect  of  the  temperature  variation 
within  the  sample  Is  highly  dependent  on  the  type 
of  biologic  response  being  investigated  and  must 
be  taken  into  account  or  else  it  will  lead  to  erron- 
eous results. 


9586  MEW  TYPES  OF  Ml  CROW  WE  DIATHERMY  APPLICA- 

TORS—COMPARI  SON  OF  performance  with  CON- 
VENTIONAL TYPES.  Kantor,  G.  (DIv.  Elec- 

tronic Products,  Bureau  Radiological  Health,  Food 
S Drug  Admin.,  Dept.  Health  Education  S Welfare. 
Rockville,  MO  20852)  Tn:  Syrjy'giun  on  fFi.-’Ic.ji'.Vj/ 
Rff0Ote  ,ind  .VWiJPUJVmwMt  of  Ri./fo  Rt>i,ju«noi)  'fti on'- 
•-xii'ue.  Pt\wo,!in,jg  of  .1  Confoi\,-ru'>t  hold  in  Rook- 
ftp  on  fW'nAity  tS~lS,  19'7,  Sponsored  by 
BRH  and  WHO  Collaborating  Center  for  Standardization 
of  Protection  Against  Nonionizing  Radiation,  pp. 

2J0-2A7;  1977.  (11  refs) 


A cixnparlson  of  the  performance  of  new  types  of 
microwave  (2. AS  GHz)  diathermv  applicators  (direct 
contact  type)  with  that  of  conventional  spaced 
applicators  Is  presented.  Heating  patterns  Induced 
In  planar  phantoms  of  simulated  fat  and  muscle  by 
both  types  of  applicators  were  compared.  The  new 
direct  contact  type  applicators  provided  for  n»re 
uniform  heating  In  the  center  of  the  temperature 
profiles  than  did  conventional  spaced  applicators 
presently  in  general  clinical  use.  Electric  field 
measurements  showed  that  the  leakage  radiation  of 
commercially  available  direct  contact  applicators 
is  less  than  5 mW/cro’  per  100  W of  forward  power  at 
a spacing  of  5 cm  from  the  aperture-phantom  boun- 
dary, while  scattered  field  levels  for  loaded 
spaced  applicators  can  typically  be  30  mW/cm-  per 
100  W of  forward  power  at  a distance  of  I3  cm  in 
front  of  the  aperture.  Among  four  types  of  new 
direct  contact  applicators  tested  (square  aperture 
horn,  circular  waveguide,  loaded  rectangular  wave- 
guide, and  circular  aperture  horn),  leakage  was 
particularly  low  with  the  circular  aperture  horn 
design,  being  a negligible  0.8  .mW/c.’!!- / 1 00  W.  If 
appears  that  unwanted  irradiation  of  the  diathermy 
machine  operator  and  irradiation  of  unprescribed 
tissue  of  the  patient  are  much  more  easily  con- 
trolled with  direct  contact  applicators  than  with 
spaced  applicators. 


5587  BIOLOGICAL  EFFECTS  OF  MICROWAVES  ON  THE 

PUPAE  OF  TENEBRIO  MOLITOR.  ii'no.  ) Green, 
0.  R.  (Dept.  Electrical  Engineering,  Washington 
UnIv.,  St.  Louis,  MO);  Rosenbaum,  F.  J.;  Pickard, 

W.  F.  in;  %mi\'»!ur:  ,’n  Piologiool  Rffiiots  .pc: 
mcjauPtW':  t of  Kodio  F^qwnou  'Mi ot\n\n'o» . 
ooodinge  of  o Conforonoo  hild  in  Fookx’il'o,  MP  on 
IF-J.'I,  1977.  Sponsored  by  BRH  and  WHO 
Collaborating  Center  for  Standard! zat ion  of  Pro- 
tection Against  Nonionizing  Radiation,  pp.  253- 
261;  1977.  (9  refs) 

Pupae  of  Tonubrio  m-'litor  were  exposed  to  9-GHz 
microwave  radiation  to  demonstrate  that  microw.we- 
induced  tera togenes I s is  associated  at  power  levels 
far  below  those  at  which  obvious  thermal  damage 
occurs.  Microwave- Induced  teratogenesis  was  ob- 
served at  power  levels  of  20  mW  and  higher.  At  320 
mW  of  power,  exposure  to  d'GHz  radiation  for  2 hr  re- 
sulted In  100%  mortality,  while  at  I60  mW  for  2 hr, 
only  10%  mortality  was  observed.  Indicating  that  the 
onset  of  lethal  (presumably)  thermal  effects  occurs 
within  this  power  Interval.  An  average  temperature 
rise  of  less  than  2 C at  20  mW  of  Incident  power  at 
9 GHz  Is  expected  from  previous  thermocouple  mea- 
surements, and  at  320  a temperature  rise  of  about 
30  C above  ambient  Is  thus  expected;  this  Is  high 
enough  for  macromolecular  heat  denaturat ion.  There- 
fore, the  effects  observed  at  the  20  mW  pcrwer  level 
are  probably  no  thermal  In  the  usual  sense  of  the 
word.  It  was  also  observed  that  previously  trau- 
matized pupae  are  more  likely  to  suffer  damage  from 
microwave  exposure  than  those  that  show  no  signs  of 
abnormal  I ty. 
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5588  NEUROENDOCRINE  RESPONSES  IN  THE  RAT  AND 
DOG  EXPOSED  TO  2ASO  MHz  (CW)  MICROWAVES. 

(Eng.)  Michaelson,  S.  M.  (Non-lonizing  Radiant 
Energy  Facility.  Dept.  Radiation  Biology  and  Bio- 
physics, Univ.  Rochester,  Rochester,  NY);  Gulllet, 
R.;  Lotz,  W.  G.;  Lu,  S-T. ; Magin,  R.  L.  In;  Sympo- 
sium on  Biologiaal  Effects  and  Measui'ements  of  Radio 
Frequency /MicrotJaOas.  Prooeedings  of  a Conference 
held  in  Rockville,  MD  on  February  16-23,  1377, 
Sponsored  by  BRH  and  WHO  Collaborating  Center  for 
Standardization  of  Protection  Against  Nonionizing 
Radiation,  pp.  263-279;  1977-  (21  refs) 

Hormone  measurements  were  made  In  mongrel  dogs  sub- 
jected to  120-Hz  modulated  2,A50-MHz  microwave  Ir- 
radiation of  the  head  or  thyroid  and  In  Hood  Evans 
rats  subjected  to  whole-body  2,490-MHz  continuous 
wave  Irradiation  to  Investigate  neuroendocrine  re- 
sponses to  microwave  exposure.  In  the  rat  studies, 
exposures  of  30  and  60  min  were  performed  at  aver- 
age Incident  power  densities  of  13,  20,  30,  AO,  50, 
and  60  mW/cra^  or  for  120  min  at  13,  20,  30,  or  AO 
mW/cm-.  Cranial  exposure  of  the  anesthetized  dog 
to  Incident  power  densities  of  20  mW/cm^  to  100 
mW/cm^  for  1 hr  revealed  that  body  temperature 
Increases  can  occur  at  sites  other  than  within  the 
electromagnetic  field.  Changes  In  endocrine  func- 
tion and  hormone  levels  occurred  In  both  rats  and 
dogs  acutely  exposed  to  certain  power-dens  I ty/time 
durations  of  2,A50-MHz  microwave  radiation.  The 
effects  were  transient  and  were  related  to  the 
temperature  Increase  of  the  Individual  gland  or 
hypothalamic-hypophyseal  responsiveness  as  a result 
of  Increased  body  temperature.  Localized  microwave 
heating  In  dogs  Increased  the  release  rate  of  thy- 
roxine and  triiodothyronine  from  the  thyroid,  and 
this  Increase  was  independent  of  stimulation  from 
the  hypothalamus  and  pituitary  gland.  The  specific 
absorption  rate  In  the  dog  thyroid  gland  necessary 
to  cause  a 2 C temperature  rise  (the  minimum  temp- 
erature for  stimulating  thyroid  gland  secretion)  was 
estimated  to  be  58  W/kg  or  approximately  four  times 
the  metabolic  rate  of  dog  thyroid  tissue.  The  ex- 
posure of  rats  to  2,A50-MHz  continuous  wave  whole 
body  radiation  at  thermogenic  power  densIty/tIme 
durations  resulted  in  changes  In  plasma  cortico- 
sterone, growth  hormone,  and  thyroid  hormone  levels. 
These  effects  were  transient,  disappearing  within 
15-30  min  after  a 1-2  hr  exposure.  A power  density 
of  20~30  mW/cm^  appears  to  be  the  transitional  range 
for  pituitary-adrenal  activation  in  the  rat. 

5589  THE  EFFECT  OF  REPETITIVE  PRENATAL  LOW- 
LEVEL  MICROWAVE  EXPOSURE  ON  DEVELOPMENT 

IN  THE  RAT.  (Bng.)  Shore,  M.  L.  (DIv.  Biological 
Effects,  Bureau  Radiological  Health,  Food  & Drug 
Admin.,  Dept.  Health  Education  S Welfare,  Rockville, 
MD  20852);  Felten,  R.  P. ; Lamanna,  A.  In:  Symposium 
on  Biological  Effects  and  Measurement  of  Radio  Fre- 
quency /Miorouaves.  Proceedings  of  a Conference  held 
in  RtMkrille,  MD  on  February  26-18,  13??.  Sponsored 
by  BRH  and  WHO  Collaborating  Center  for  Standardi- 
zation of  Protection  Against  Nonionizing  Radiation, 
pp.  280-289;  1977.  (6  refs) 

Time-mated  Sprague  Oawley  rats  were  exposed  to  low- 
level  2,A50-MHz  microwave  radiation  for  5 hr/day 
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from  day  3 through  day  1 9 of  gestation  at  an  average 
exposure  level  of  10  mW/cm^  to  determine  the  effect 
of  such  exposures  on  the  development  of  the  off- 
spring. One  group  of  12  rats  was  positioned  paral- 
lel to  the  electric  vector  of  the  microwave  field, 
while  another  group  of  12  rats  was  positioned  paral- 
lel to  the  magnetic  vector  of  the  field.  Follow- 
ing sham  or  microwave  exposure,  the  animals  were 
allowed  to  deliver  normally.  When  relative  brain 
and  body  weights  were  determined  2-15  days  post- 
partum, the  values  were  consistently  lower  (.950 
± O.II  and  .922  t 0.020,  respectively)  In  offspring 
from  rats  oriented  parallel  to  the  electric  field  than 
In  offspring  from  controls  (I. 000  t O.OO6  and  .993  t 
0.013,  respectively).  Litter  size  did  not  appear  to 
be  affected  by  either  of  the  above  exposure  orienta- 
tions. The  total  number  of  dead  offspring  and  the 
number  of  litters  with  mortality  appeared  to  be 
higher  for  both  exposed  groups  of  rats  than  for 
controls;  however,  no  significance  can  be  attached 
to  this  observation  since  the  experiment  was  not 
designed  to  evaluate  postnatal  survival  or  mortal- 
ity. 

5590  LIGHT  AND  ELECTRON  MICROSCOPIC  OBSERVA- 

TIONS ON  THE  BLOOD-BRAIN  BARRIER  AFTER 
MICROWAVE  IRRADIATION.  rsVtg. ) Albert,  E.  N. 

(George  Washington  Univ.,  Medical  Center,  Washing- 
ton, DC).  In;  Symposium  on  Biological  Effects  .Ttui 
Measurement  of  Radio  Frequency /MicrotJaivs.  Proceed- 
ings of  a Conference  held  in  Rockville,  MD  on  Feb- 
ruary 16-18,  13?7.  Sponsored  by  BRH  and  WHO  Collab- 
orating Center  for  Standardization  of  Protection 
Against  Nonionizing  Radiation,  pp.  29A-30A;  1977. 

(13  refs) 

Chinese  hamsters  were  Irradiated  with  continuous 
wave  2,A50-HHz  microwaves  at  a power  density  of  10 
mW/cm^  for  2 and  8 hr  for  1 day  to  Investigate  the 
effect  of  acute  low-level  microwave  exposure  on  the 
blood-brain  barrier.  Light  and  electron  microscopic 
observations  revealed  that  such  exposures  caused 
alterations  In  the  permeability  of  the  blood-brain 
barrier  to  horseradish  peroxidase  (HRP)  In  some 
vessels.  The  altered  permeability  of  the  microvas- 
culature did  not  appear  to  be  confined  to  any  par- 
ticular region  of  the  brain.  These  observations 
apply  only  to  molecules  of  A0,000  molecular  weight 
or  less  (HRP  molecular  weight  is  A0,000),  since 
larger  molecules  were  not  tested  In  this  experi- 
ment. Although  the  exact  mechanisms  leading  to  the 
altered  permeability  are  not  clear,  the  thermal 
effect  of  microwaves  was  not  considered  to  be  sig- 
nificant, since  the  power  density  was  10  mW/cm-  and 
the  exposure  was  of  short  duration.  Little  or  no 
transport  of  HRP  via  Interendothel lal  junctions 
was  observed.  There  were  Increased  HRP-fllled  pin- 
ocytlc  vesicles  in  endothelia  of  microwave- Irradiated 
animals,  and  In  addition,  some  endothelial  cells 
seemed  to  be  filled  with  HRP.  This  could  be  due 
to  toxic  effects  of  HRP,  but  this  phenomenon  was 
not  seen  In  control  animals.  Whatever  the  reason 
for  the  cytoplasmic  infiltration  or  toxic  effect, 
microwaves  may  have  rendered  these  cells  more  vul- 
nerable to  HRP.  These  observations  suggest  that 
transendothel lal  transport  of  large  molecules  may 
be  initiated  or  enhanced  by  microwave  Irradiation. 
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SS9I  CALCIUM  BINDING  IN  CEREBRAL  TISSUE.  (B>\u  ) 

Bawln,  S.  H.  (Envlronmentdl  Neuroblology 
Ldb. , Brain  Res.  Inst.,  Univ.  California,  Los  Ange- 
les, CA);  Adey,  W.  R.  ^'ynfwstun  nn  Biotogioal 

Sffn^te  cw<i  fkaaurvmant  of  Bculio  Pmguanoy/ffioro- 
uwoa.  ftv'c’fcVifuya  of  o CoKfanotu'e  hold  in  Book- 
ville,  MP  on  Febru^xry  IB  IS,  1S77.  Sponsored  by 
BRH  and  WHO  Collaborating  Center  for  Standardiza- 
tion of  Protection  Against  Nonionizing  Radiation, 
pp.  305-313:  1977.  (H  refs) 

The  possible  effects  of  weak,  extremely  low  fre- 
quency (ELF)  and  amplitude  modulated  radio  frequency 
(RF)  fields  on  the  calcium  exchange  between  isolated 
nervous  tissue  from  cats  and  neonate  chicks  and  a 
bathing  physiologic  solution  were  investigated. 

The  release  of  preincubated  calcium  Ion  from  Iso- 
lated chick  forebrain  was  significantly  increased 
after  exposure  to  147-MHz  RF  fields  amplitude  mod- 
ulated at  frequencies  between  9 and  20  Hz  In  com- 
parison with  noni rradiated  samples.  A maximal  in- 
crease (l8t)  was  seen  at  a modulation  frequency  of 
about  16  Hz.  No  differences  in  calcium  efflux  were 
seen  between  chick  muscles  exposed  to  6 and  16-Hz 
modulation  frequencies  and  control  samples.  Exper- 
iments with  ELF  fields  confirmed  the  frequency  sen- 
sitivity of  the  tissue  response  seen  with  modulated 
RF  fields.  Significant  decreases  in  calcium  Ion 
from  chick  and  cat  brain  tissues  were  observed  fol- 
lowing exposures  to  fields  of  10  and  56  V/m  at  fre- 
quencies of  6 and  16  Hz.  Other  frequencies  tested 
(1,  32,  and  75  Hz)  and  other  field  amplitudes  (I,  5, 
and  100  V/m)  did  not  Induce  changes  in  calcium  ef- 
flux. Muscle  tissue  did  not  react  to  field  stim- 
ulation (20  V/m,  16  Hz).  The  brain  tissue  response 
to  ELF  fields  appeared  to  be  significant  only  in  a 
field  amplitude  window  between  10  V/m  and  less  than 
100  V/m.  The  exposure  of  chick  forebraIn  to  k50-MHz 
fields  for  20  min  at  an  amplitude  of  1 mW/cm * and 
a modulation  frequency  of  16  Hz  resulted  In  a marked 
increase  In  the  release  of  prelncubated  calcium  in 
comparison  with  control  samples.  In  contrast,  2 
mW/cm^  fields  failed  to  induce  measurable  changes 
in  efflux.  Two  other  experiments  conducted  with 
i6  Hz  fieids  at  an  Intensity  of  5 mW/cm^  confirmed 
the  results  obtained  at  an  Intensity  of  2 mW/cm^^ 
while  three  exposures  of  10  samples  to  0.5  mW/cm- 
fields  (16  Hz)  produced  a major  increase  in  caicium 
efflux.  Overall,  the  results  indicate  that  cerebral 
tissue  responds  to  field  stimulations  contained 
within  amplitude  and  frequency  windows  and  that 
skeletai  muscies  do  not  respond  to  stimulations 
affecting  the  calcium  exchanges  in  brain  tissue. 


5592  VESTIBULO-COCHLEAR  SINGLE  UNIT  RESPONSES 
TO  MICROWAVE  RADIATION.  ) Lebovltz, 

R.  M.  (UnIv.  Texas  Health  Science  Center  at  Dallas, 
Dallas,  TX);  Seaman,  R.  L.  In:  Sitmpoeixm  on  Biolog- 
ioil  Sfftota  and  Measui’ertent  of  Badio  FrOifuanoy/ 
Miorouavea.  Proaeedinge  of  a Conference  held  in 
Boakoille,  HD  on  February  16-18,  1977.  Sponsored 
by  BRH  and  WHO  Collaborating  Center  for  Standardi- 
zation of  Protection  Against  Nonionizing  Radiation, 
pp.  316-333:  1977.  (23  refs) 

Vestibulo-cochlear  single  unit  responses  to  915-MHz 


continuous  wave  and  pulsed  microwave  radiation  were 
studied  in  adult  cats.  The  threshold  for  continuous 
wave  microwave  activation  of  vestibular  units  at  915 
MHz  was  significantly  above  the  current  standards 
for  safe  exposure  (above  a level  for  significant 
intracranial  thermogenesis).  However,  studies  with 
pulse-modulated  microwave  radiation  (pulse  widths 
of  100-250  usee  or  longer)  revealed  that  pulse  par- 
ameters rather  than  average  power  density  are  a 
more  proper  independent  variable  for  vestibulo-coch- 
lear single  unit  responses  to  microwave  radiation. 
Responses  were  observed  at  pulse  energy  densities 
of  h viJ/g  and  lower.  Overall,  the  response  of  a 
given  single  auditory  unit  to  pulsed  microwave 
radiation  was  very  similar  to  Its  response  to  tra- 
ditional acoustic  click  stimuli. 


5593  CAUSES  OF  DEATH  FOLLOWING  OCCUPATIONAL 
EXPOSURE  TO  MICROWAVE  RADIATION  (RADAR) 
1950-1976.  fFng.J  Robinette,  C.  D.  (Medical 
Follow-up  Agency,  National  Res.  Council,  National 
Academy  Sciences.  Washington,  0.  C.);  Silverman, 

C.  In:  Syp^'oeiun  on  Biological  Fffecte  .rt.:  Stea- 
surentent  of  Boiiio  Frequency 'Hi crouxn’os.  I'roceed- 
inija  of  a Confereru'e  heid  in  Bocki’itle,  HP  on  Feb- 
ittOJ’y  16-18,  1977.  Sponsored  by  BRH  and  WHO  Col- 
laborating Center  for  Standardization  of  Protection 
Against  Nonionizing  Radiation,  pp.  338-366;  1977. 

Mortality  data  for  19.965  Naval  enlistees  occupa- 
tionally exposed  to  microwave  radiation  (radar) 
during  the  period  1950-1976  are  compared  with  those 
for  20,726  control  enlistees  not  occupationally 
exposed  to  microwave  radiation.  There  was  a small 
but  significant  increase  in  trauma  mortality  in  the 
occupationally  exposed  group  compared  with  controls, 
but  neither  mortality  from  all  diseases  nor  total 
mortality  was  s Igni f leant ly  different  in  the  two 
groups.  A closer  examination  at  trauma  mortality 
revealed  that  many  of  these  deaths  occurred  as  a 
result  of  military  aircraft  accidents.  It  is  sug- 
gested that  the  excessive  number  of  deaths  in  air- 
craft accidents  among  the  occupationally  exposed  men 
resulted  from  the  fact  that  a larger  proportion  of 
them  later  became  flyinq  officers.  Mortality  from 
malignant  neoplasms,  vascular  lesions  of  the  cen- 
tral nervous  system,  chronic  nephritis.  Influenza 
and  pneumonia,  and  cirrhosis  was  also  elevated  in 
the  occupationally  exposed  men  with  respect  to  con- 
trols, but  not  significantly  so  in  any  case. 

5596  EFFECTS  OF  REPEATED  MICROWAVE  IRRADIATIONS 

TO  THE  ALBINO  RABBIT  EYE.  > HIrsch. 

S.  E.  (Dept.  Opthalmology , Walter  Reed  General 
Hosp.,  Washington,  DC);  Appleton,  B. ; Fine,  B.  S. ; 
Brown,  P.  V.  K.  In;  PyTfy'eiun  on  Biologi.\il  Fffecta 
atui  Meastc'ent’nt  of  Badio  Frequency  'Hienwree. 
Pri’ceedinge  of  a ibn/uis'ri.v  iu'ld  in  Bcckville,  HP 
on  February  16-18,  1977.  Sponsored  by  BRH  and  WHO 
Collaborating  Center  for  Standardization  of  Protec- 
tion Against  Nonionizing  Radiation,  pp.  365-350; 
1977.  (3  refs) 

Studies  to  determine  the  effects  of  repeated  micro- 
wave  irradiations  on  the  New  Zealand  albino  rabbit 
eye  were  conducted.  The  left  eye  of  each  animal 
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was  exposed  to  3,000-MHz  continuous  wave  radiation 
for  15  mln/day  over  30  consecutive  days  at  power 
densities  of  50-500  mW/cnT  . Silt  lamp  examinations 
were  performed  dally  for  the  first  30  days  and  In- 
termittently thereafter  for  up  to  1 yr  after  the 
exposure.  Selected  animals  were  sacrificed  for 
light  and  electron  microscopic  examinations.  Be- 
low a power  level  of  300  mW/cm'  , no  ocular  changes 
were  detected.  At  300  mW/cm"’  and  above,  all  eyes 
reacted  with  congestion  of  the  limbal  vessels, 
pupillary  constriction,  and  evidence  of  Iritis. 
Posterior  subcapsular  iridescence  (PSI)  developed 
at  an  average  of  17. S days  after  irradiation  at  the 
300  mW/cm-  level.  At  AOO  mW/cm- , the  PSI  appeared 
at  an  average  of  5 days,  vacuoles  appeared  in  the 
posterior  cortex  of  the  lens  at  an  average  of  8 
days,  and  posterior  cortical  cataractous  changes 
at  an  average  of  10  days  following  irradiation. 

The  lenticular  opacities  progressed  but  were  lim- 
ited to  the  posterior  cortex  during  the  following 
year  of  observation.  No  other  ocular  changes 
were  noted  in  irradiated  animals.  it  appears  that 
cataractous  changes  are  dependent  on  the  production 
of  local  temperature  elevations,  which  are  suffi- 
cient to  injure  the  lens'  cortical  cells. 

5595  are  MICROWAVE  CATARACTS  THERMALLY  CAUSED? 

(Ktuj.)  Carpenter,  R.  L.  (Div.  Biological 
Effects,  Bureau  Radiological  Health,  Food  & Drug 
Admin.,  Dept.  Health  Education  S Welfare,  Rockville, 
MD  20852);  Hagan,  G.  J.;  Donovan,  G.  L.  In:  Synpc- 
eium  on  Biologioal  Effeots  and  Measurement  of  Radio 
Frequency /MiorotjaveB.  Proceedings  of  a Conference 
held  in  Rockville,  MD  on  February  16-18,  1977, 
Sponsored  by  6RH  and  WHO  Col laborating  Center  for 
Standardization  of  Protection  Against  Nonionizing 
Radiation,  pp.  352-380;  1977.  (31  refs) 

Two  series  of  experiments  with  rabbits  were  per- 
formed to  determine  whether  the  increase  in  intra- 
ocular temperature  that  occurs  during  microwave  Ir- 
radiation is  the  sole  cause  of  the  development  of 
opacities  in  the  posterior  subcapsular  cortex  of 
the  eye  lens.  In  one  experiment,  the  external  ap- 
plication of  heat  (water  bath  temperature  of  AS  C) 
to  tife  eye  induced  the  same  increase  in  intraocular 
temperature  (about  6-7  C)  over  the  same  duration 
of  time  (60  min)  as  did  a cataractogenic  exposure 
to  2,650-MHz  continuous  wave  microwaves  (250  mW/cm^). 
No  posterior  cataracts  were  observed  in  five  of 
six  animals  treated  in  this  way.  in  a second  ser- 
ies of  experiments,  loss  of  body  heat  was  restricted 
by  encasing  the  animal's  ears  in  an  insulated  plas- 
tic sack  through  which  flowed  air  heated  to  55  C. 

By  simultaneously  irradiating  one  eye,  it  was  pos- 
sible to  elevate  both  retrolental  and  rectal  temp- 
eratures to  levels  characteristic  of  a cataracto- 
genic microwave  Irradiation  even  though  the  micro- 
wave  power  applied  to  the  eye  during  the  40-min  ex- 
posure was  as  much  as  25%  below  the  250  mW/cm^  level 
necessary  for  cataract  induction.  Posterior  cor- 
tical cataracts  occurred  in  only  3 of  ID  animals 
treated  in  this  manner;  whereas,  cataracts  should 
have  been  induced  in  all  animals  so  treated  if  cat- 
aracts were  solely  of  thermal  origin.  It  is  con- 
cluded that  the  Increase  in  intraocular  temperature 
occurring  during  microwave  irradiation  is  not  the 


sole  causative  factor  in  microwave  cataractogenesis. 
It  is  suggested  that  the  factors  involved  in  micro- 
wave-induced Jens  opacities  include  an  adequate 
microwave  power  acting  within  a limited  range  of 
increased  intraocular  temperature  for  a certain 
exposure  duration. 


5596  HEAT- INVOKED  CHANGES  IN  ASCORBIC  ACID 
LEVELS  ON  THE  RABBIT.  (EMg.)  Ferri,  E. 

S.  (Div.  Biological  Effe-ts,  Bureau  Radiological 
Health,  Food  S Drug  Admin.,  Dept.  Health  Education 
& Welfare,  Rockville,  MO  20852.  In;  Rympneium  on 
Biological  Effects  and  Measurement  of  Radio  Frequen- 
cy /Microxsaoes.  Proceedings  of  a Conference  held  in 
Rockville,  MD  on  February  16-18,  1977.  Sponsored 
by  BRH  and  WHO  Collaborating  Center  for  Standardi- 
zation of  Protection  Against  Nonionizing  Radiations, 
pp.  380-386;  1977.  (8  refs) 

The  effect  of  microwave  radiation  on  ascorbic  acid 
levels  in  the  rabbit  eye  was  investigated  to  deter- 
mine whether  heat  alone  causes  reduced  levels  of 
ascorbate  In  the  aqueous  humor  with  resultant  lens 
decreases.  Ascorbic  acid  levels  in  the  vitreous 
humor,  lens,  and  aqueous  humor  of  rabbit  eyes  ex- 
posed to  single  and  multiple  microwave  Irradiations 
were  assayed  at  5 min,  30  min,  12  hr,  18  hr,  I wk, 

2 wk,  and  6 wk  post  1 rrad iat ion . Lens  ascorbic 
acid  levels  appeared  normal  with  the  exception  of 
about  a 20%  decrease  at  1 wk  posti rradiation  for 
an  acute  exposure;  this  drop  was  primarily  coin- 
cident with  the  appearance  of  lens  opacities.  As- 
corbate levels  in  the  vitreous  humor  remained  with- 
in control  limits  for  all  posti rradiation  assay 
periods.  Ascorbate  levels  in  the  aqueous  humor 
were  decreased  after  an  acute  exposure,  and  these 
levels  continued  to  decrease  from  5 min  after  the 
insult  until  a low  was  reached  at  1 wk  postirradla- 
tion.  Recovery  to  normal  values  occurred  by  2 wk 
post  I rradiat ion,  and  ascorbate  levels  were  still 
within  control  limits  at  6 wk  after  irradiation. 

The  eyes  of  rabbits  were  then  heated  without  the 
use  of  microwaves,  and  ascorbate  levels  were  deter- 
mined. By  immersing  the  ears  of  a rabbit  in  a 
hot  water  bath  at  50  C , a temperature  of  about  60 
C was  achieved  in  the  vitreous,  and  it  was  assumed 
that  the  aqueous  temperature  had  also  been  elevated 
above  normal.  As  an  additional  test  of  the  action 
of  heat  on  the  aqueous  humor,  aliquots  of  this 
fluid  were  removed  from  both  eyes  of  an  anesthe- 
tized animal,  and  one  aliquot  was  heated  to  55  C, 
with  both  aliquots  being  analyzed  for  ascorbate. 

These  tests  demonstrated  that  when  the  aqueous 
humor  was  heated  without  the  use  of  microwaves  the 
ascorbate  levels  were  not  degraded.  This  tends  to 
negate  the  theory  that  heat  alone  causes  reduced 
levels  of  ascorbate  In  the  aqueous  humor  with  re- 
sultant lens  decreases 

5597  SOME  BIOLOGICAL  EFFECTS  OF  HIGH  INTENSITY, 
LOW  FREQUENCY  (60-HZ)  ELECTRIC  FIELDS  ON 

SMALL  BIRDS  AND  MAMMALS.  (Fng.)  Graves,  H.  B. 

(Dept.  Biology  and  Poultry  Science.  Pennsylvania 
State  Univ.,  University  “ark,  PA).  In;  Proceedings 
of  Second  Flectrcmagnet ic  CiinpatiHlity  Syr%\ieium 
and  Exhibition,  Sponsored  by  EUREL,  URSI,  EMC  Gp, 


B*oiogK4l  ^fhcts  of  Nontoth/tng  E loctroi^nigiiohc 
R»di4Von  11(4).  Juno.  19/S 
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Int.,  AE-A,  held  in  HonCreux,  Switzerland  on  June  28- 
30,  1977:  pp.  It65-<t68;  1977.  (12  refs) 

Experiments  investigating  the  effects  of  high  Inten- 
sity, low  frequency  (60  Hz)  electric  fields  on  small 
birds  and  mammals  are  reported.  Eggs  from  three  gen- 
etic breeds  of  domestic  fowl  were  exposed  to  60-Hz 
fields  ranging  from  0-67.0  kV/m  for  30  min  on  day  5 
or  19  after  the  onset  of  incubation.  With  respect 
to  hatchabi I i ty , neither  main  nor  interaction  effects 
associated  with  the  intensity  of  the  field  were  sig- 
nificant. Effects  on  hatching  time  were  significant 
but  not  consistent  across  breeds.  In  another  e>:per- 
iment,  median  and  mean  gross  motor  activity  was  re- 
duced when  domestic  chicks  were  exposed  to  kC-  or 
80-kV/m  fields  from  day  1 through  22  posthatching. 

The  exposure  of  boiler  chicks  to  high  intensity 
electric  fields  (up  to  80  kV/m)  for  approximately  3 
wk  consistently  resulted  in  a significant  but  not 
permanent  enhancement  in  early  growth  responses. 

In  conditioned  suppression  experiments  with  domes- 
tic pigeons  who  were  presented  with  a 6u-Hz  field 
(25  kV/m)  to  warn  them  of  an  impending  shock  designed 
to  suppress  a learned  key  pecking  activity,  the 
subjects  consistently  exhibited  suppression  in  re- 
sponse to  the  electric  field  warning.  Domestic 
chicks  exposed  continuously  for  22-2k  days  to  kO 
or  80  kV/m  fields  at  a frequency  of  60  Hz  exhibited 
a significantly  higher  heart  rate  than  did  controls. 
Mice  exposed  continuously  to  60-Hz  electric  fields 
in  excess  of  25  kV/m  exhibited  Increased  weight 
gain  relative  to  controls  over  a 6-wk  exposure 
period.  In  mice  exposed  to  0,  25,  or  50  kV/m  for 
k2  days,  there  was  a general  tendency  for  white 
blood  cells  to  Increase  and  red  blood  cells  to  de- 
crease in  response  to  Increased  field  levels.  It 
is  concluded  that  additional  research  is  needed 
to  further  replicate  the  above  findings  and  to  ac- 
curately quantify  thresholds. 


5598  SOME  SPECIAL  APPLICATIONS  OF  MICROWAVE 

RADIOMETRY  OF  BIOLOGICAL  SYSTEMS.  (Eng.) 
Bigu-del- Blanco,  J.  (Dept.  Anatomy,  Queen's  Univ., 
Kingston,  Ontario,  Canada  K7L  3N6).  Iti;  Proceedinge 
of  Second  Eleat-romagnetio  Ccmpatibility  Sympoeim 
and  Exhibition,  Sponsored  by  EUREL,  URSI,  EMC  Gp, 
Int.,  Ae-k  held  In  Montreux,  Switzerland  on  June 
28-30,  1977:  pp.  k69-k75;  1977.  (k2  refs) 

Special  applications  of  microwave  radiometry  to  the 
fields  of  biophysics,  medicine,  and  biocommunications 
are  reviewed.  Specific  microwave  radiometric  stu- 
dies have  been  undertaken  to  Investigate  the  follow- 
ing; semiconductive  properties  of  living  tissue; 
the  role  of  microwave  radiation  In  biocommunication; 
the  response  of  living  organisms  to  external  stimuli, 
including  microwave  radiation  and  some  drugs;  and 
the  potential  applications  of  microwave  radiometry 
in  tumor  diagnosis  and  in  defining  tumor  location, 
damaged  tissue,  and  regions  of  vascular  deficiency. 
Measurements  on  humans,  animals,  and  plants  have 
been  conducted  in  the  frequency  range  of  100  MHz 
to  70  GHz. 


5599  PERCEPTION  OF  STATIC  FIELDS  BY  LIVING 

ORGANISMS  AMD  TERATOGENIC  EFFECTS  OF 


MICROWAVES.  (Eng.)  d'Ambrosio,  G.  (Istituto  Elet- 
trotecnico,  Universita  di  Napoli,  Naples,  Italy); 

La  Manna,  V.  In:  Pl'oaeedinga  of  Second  Electro- 
magnetic Compatibility  Symposium  and  Exhibition,  I. 

Sponsored  by  EUREL,  URSI,  EMC  G- . Int.,  AE-k  held  I 

In  Montreux,  Switzerland  on  Junfe  28-30,  1977.  pp. 
k77-k82;  1977.  (8  refs) 

Experiments  investigating  the  perception  of  static  * 

electric  and  magnetic  fields  bv  larvae  of  Tenebrio 
molitor  and  the  teratogenic  effects  of  microwaves 
on  pupae  of  Tenebrio  molitor  are  reported.  When  the 
distiibution  of  iarvae  in  a non-uniform  electric 
fieid  was  studied,  fields  only  a few  times  greater 
than  the  earth's  naturai  one  (about  100  V/m)  caused 
larvae  to  move  toward  lower  field  level  zones  in  a 
rectangular  tray  exposed  to  the  field.  At  lower 
field  strengths,  no  significant  change  in  the  dis- 
tribution of  larvae  was  noted.  Similar  results 
were  observed  when  a magnetic  field  was  applied. 

In  experiments  where  pupae  were  irradiated  with  9.55 
GHz  microwave  radiation  (10  mW)  for  2 hr,  a h3%  in- 
cidence In  abnormally  developed  individuals  after 
pupation  was  observed  compared  with  a lOi  incidence 
in  abnormalities  among  non i rrad i ated  controls. 


5600  COMPATABILITY  OF  WEAK  MAGNETIC  ELF 

FIELDS.  (Eng.)  Ludwig,  H.  W.  (D-7k00 
Tuebingen,  W.  Germany).  In  Proceedings  of  Second 
Electi'omagnetic  Compatibility  Symposium  and  Exhibi- 
tion. Sponsored  by  EUREL,  URSI,  EMC  GL,  Int.,  AE-k 
held  in  Montreux,  Switzerland  on  June  28-30,  1977: 
pp.  k83-k8k;  1977.  (5  refs) 

Experiments  dealing  witn  the  exposure  of  humans  to 
weak  magnetic  fields  are  reported.  In  double  blind 
studies  on  10  persons  exposed  to  triangular-shaped 
alternating  magnetic  waves  over  a frequency  range 
of  1-20  Hz  and  at  a peak  to  peak  field  strength  of 
30  nanotesla  or  more,  significant  (p<0.00l)  changes 
in  skin  resistance  (between  the  left  and  right  hand) 
were  observed.  Different  persons  reacted  differently 
to  distinct  frequencies,  and  the  person's  response 
was  dependent  on  his  vegetative  status.  Apart  from 
changes  in  skin  resistance,  frequencies  between  about 
1 and  6 Hz  had  a calming  effect  on  subjects;  whereas, 
frequencies  between  about  7 and  20  Hz  had  an  excita- 
ble effect  (tachycardia  and  nausea  in  extreme  cases). 
An  analgesic  effect  was  seen  at  a frequency  of  10 
Hz.  In  a double  blind  study  of  700  persons  with 
ailments  such  as  Insomnia,  nervousness,  headaches, 
rheumatic  pains,  and  circulation  problems,  exposure 
to  extremely  low  frequency  magnetic  fields  had  a 
positive  effect  on  70-95%  of  the  patients;  subjects 
exposed  to  a sham  magnetic  field  (controls)  had  only 
a 20%  incidence  of  positive  reactions. 


5601  ENVIRONMENTAL  IMP.ACT  OF  60-H2  ELECTRIC 

FIELDS  ON  THE  GROWTH  AND  DEVELOPMENT  OF 
PLANTS.  (Eng.)  McKee,  G.  W.  (Pennsylvania  State 
Unlv.,  University  Park,  PA);  Knievel,  D.  P.;  Poz- 
naniak,  D.  T.;  Bankoske,  J.  W.  In:  Proceedings  of 
Second  Electromagnetic  Compatibility  Symposium  and 
Exhibition.  Sponsored  by  EURL,  URSI,  EMC  G_,  Int., 
AE-k  held  In  Montreux,  Switzerland  on  June  28-30, 
1977:  pp.  k85-k90;  1977.  (7  refs) 


65 


CURRENT  LITERATURE 


Green  plants  of  JS  species  were  exposed  In  onvlron- 
n)entany  controlled  chambers  to  60  H/  hi^h  Intensity 
electric  fields  for  periods  up  to  4 wW  as  part  of 
a study  to  determine  the  environmental  Impact  of 
Gxtremely-high  and  ultra-high  voltage  power  trans- 
mission lines.  Extended  cxp<isure  In  fields  up  to 
30  kV/m  resulted  In  no  damage  to  plants  with  rounded 
or  blunt  parts.  However,  terminal  aerial  plant  parts 
with  pointed  or  sharp  tips  or  edges  were  often  dam- 
aged by  fields  of  25*35  kV/m,  with  the  apparent  dam- 
age threshold  for  most  species  20-25  kV/m.  The  tis- 
sue damage  resembled  that  observed  when  plants  trans- 
pire water  ntore  rapidly  than  can  be  absorbed  by  the 
roots  and  transported  to  the  uppermost  transpiring 
tissue.  Damage  during  exposure  to  fields  of  50  kV/m 
or  less  was  typified  by  limited  injury  to  only  a 
small  number  of  leaves  or  needles,  ami  the  area  of 
the  affected  leaf  (Issue  was  typically  less  than 
of  the  total  leaf  surface.  A visible  electric  cor- 
onal discharge  was  observed  at  the  same  field  strength 
and  for  the  same  plant  geometries  that  resulted  In 
tissue  Injury  and  death.  The  damage  thresholds 
found  In  these  studies,  except  for  some  monocotyle- 
denous  lants,  such  as  wheal,  oats,  or  corn,  are 
higher  than  the  field  strengths  that  exist  under 
present  or  even  pro(H>sed  transmission  lines. 

5602  AN  EHC  STANDARD  FOR  MEDICAL  ELECTRONIC 

DEVICES.  irh-j.l  Hoff,  R.  J.  (McDonnell 
Douglas  Astronautics  Co..  St.  Louis,  MO  63166).  fn: 

cf  ‘'V.snuf  1 i ty 

:'ym^\>fiinn  ^ifui  f j<’n.  Sponsored  by  EUREL,  URSI, 

EMC  Gp»  Int.,  AE-4,  held  In  Montreux,  Switzerland  on 
June  28-30,  1977:  PP.  495*498;  1977-  (9  refs) 

Radiated  and  conducted  emission  measurements  were 
.nade  In  a sample  of  ten  hospitals  and  two  emergency 
vehicles  as  part  of  an  effort  to  establish  an  elec- 
tromagnetic compatibility  (EMC)  standard  for  medical 
electronic  devices.  Electrosurglcal  units  that  pro- 
duced large  signals  at  70  kHz  and  1-5  MHz  were  the 
most  significant  sources  of  broadband  radiated  and 
conducted  emissions,  and  diathermy  equipment  that 
produced  large  peak  signals  at  27  MHz  were  the  source 
of  the  highest  narrowband  emissions  found  In  hospi- 
tals. Based  on  the  data  obtained  In  this  survey,  a 
review  of  the  literature,  EMC  tests  on  medical  de- 
vices, and  established  EHC  test  methods,  an  EMC 
standard  for  medical  devices  was  developed.  The 
standard  establishes  maximum  levels  of  electromag- 
netic emissions  for  medical  devices  and  establishes 
minimum  levels  of  electromagnetic  Interference  to 
which  medical  devices  must  not  be  susceptible.  The 
standard  also  contains  referee  test  methods,  which 
will  be  employed  by  the  HEW,  to  determine  compliance 
with  the  standard's  requirements.  Illustrative  of 
the  standard's  contents  and  the  rationale  behind 
Its  requirements  Is  the  minimum  radiated  electric 
field  susceptibility  slqnal  level,  which  Is  based 
on  measured  narrowband  Interference  signals  and 
slqnal  levels  produced  In  hospitals  by  nearby  In- 
tentional emitters.  The  EMC  standard  also  contains 
minimum  radiated  magnetic  field  susceptibility  sig- 
nal levels,  minimum  conducted  susceptibility  signal 
levels,  maximum  radiated  narrowband  emission  signal 
levels,  and  maximum  conducted  narrowband  and  broad- 
band emission  slqnal  levels. 


fiiotfigH'at  t'  ffiH  tt  of  Nonuuu/ing  Up* 
Hjniiaitotf /f{4l . Jtiitp.  t9/S 


5603  RADIATION  THERAPY  AND  MICROWAVE  THERAPY 
(433.92  MHz)  IN  THE  TREATMENT  OF  ADVANCED 
CANCIR  (MEETING  ABSTRACT).  (tM.i.  ) Hornhack,  N. 

B.;  Shupe.  R.  E.;  Shidnia;  H, ; Joe,  B.  T.;  Saync , 
E.;  MarshaU  C.  In:  Ahittt\h-‘tn  of  tho  5oion- 

tifio  Aitnomhlti  <ml  Annu'il  Moothui  of  The  Ktuh'oloij- 
i(\il  Sooietti  of  North  Ani’riOii,  Ino.  Sponsored  by 
The  Radloloqlcal  Society  of  North  America  and  the 
American  Association  of  Physicists  In  Medicine, 
pp.  2ir-.  \Sn.  (0  refs) 

The  results  of  combined  radiation  and  micrimave 
(*<33.92  MHi)  therapy  for  the  treatment  of  over  100 
patients  with  advanced  cancer  are  presented,  and 
the  llter.sture  Is  briefly  reviewed.  Treatment 
afforded  early,  prompt  relief  of  symptoms  and  may 
have  long-term  benefits. 


5601.  ELECTRICAL  STIMULATION  OF  FRACTURE  HEAL- 
ING (MEETING  ABSTRACT).  ff>v  ' 

J.  (Turku  Univ.  Central  Hosp.,  Turku,  Finland); 

Aro,  H.;  Ekfors,  T.  (Vffiop  .'-'.Mn.i  68(5): 

569;  1977.  (0  refs) 

The  effect  of  asynmetrlc.il  alternating  current  on 
bone  healing  In  the  rabbit  antebrachlum  was  Inves- 
tigated. A transi stor I red  multivibrator  delivered 
asymmetrical  alternating  current  tliat  had  positive 
.ind  negative  peaks  (+22  uA  and  -18  pA  In  the  radius 
group,  +100  liA  and  -100  uA  In  the  ulna  group)  and 
.1  small  unidirectional  current  (+2  uA  In  both 
groups).  The  frequency  was  0.8  Hr,  pulse  duration 
8 msec,  and  voltage  limit  1 V;  the  voltage  sim- 
ulated a physiologic  pattern  of  stress-generated 
electrical  potentials  In  bone.  In  the  radius 
group  the  current  was  led  Into  the  osteotomired 
bone  with  teflon- I nsulated  plat Inum-lrldlum  leads. 
In  the  ulna  group  the  osteotomy  site  was  externally 
transfixed  with  two  KIrschner  wires,  which  were 
used  as  electrodes.  In  the  two  stimulated  groups 
histologic  studies  revealed  an  activated  osteogen- 
esis near  the  electrodes,  particularly  In  the  per- 
iosteum, which  was  more  pronounced  than  the  reac- 
tion at  the  fracture  site.  Both  electrodes  Induced 
osteogenesis.  In  the  control  groups  the  osteogenic 
reaction  around  the  electrodes  was  either  minimal 
or  nonexistent. 

5605  THE  USE  OF  EITHER  REGIONAL  OR  WHOLE -BODY 
hyperthermia  as  an  ADJUNCTIVE  TREATMENT 
WITH  RADIOTHERAPY  (MEETING  ABSTRACT). 

.lohnson,  R.  J.  R.  (Roswell  Park  Memorial  Inst., 
Buffalo,  NY  16260);  Hetzel,  F.;  Sandhu,  T.  S.; 
Kowal,  H.  S.  An  J h\->e>.tiienol  130(1):  191;  1978. 

(0  refs) 

Studies  were  performed  on  patients  with  multiple 
superficial  tumors  to  determine  the  therm.il 
enhancement  ratio  of  bs'th  lunxir  and  normal  skin 
following  hyperthermia  applied  for  2 hr  to  both 
skin  and  tumor  at  a temperature  of  61.5-62  C. 

The  thermal  enhancement  ratio  for  the  skin  was 
calculated  from  skin  storing  and  tuitx-ir  thermal 
enhancement  ratio  from  regrowth  data.  Initial 
results  from  TO  cases  suggested  that  post-radlat Ion 
heating  significantly  Improved  the  therapeutic 
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rdtio  tor  tunHot,  Further  ciK<r>eidtlve  ^tuOle^ 

ukliiy  dlftereul  hUtologlc  tumor  tvt'r:*  will  be 
required  to  determine  fully  the  fedilblllty  of 
utinq  wlHrle'body  hyperthermlu  end  ledldtion. 


SbOb  INFlUlNCt  OF  DIFFlRtNTIAL  HYF'OFHl'.mA  ON 

m OISTRIBUnON  OF  IXOCtNOUS  F'lROXIPASF 
IN  NICE  WITH  HEATED  GLIOHAS  (MEETING  ABbTKACT). 

I Sutton,  C.  H.  (Dept.  Neuroloy  1 1 «l  Surqery  , 
Only.  Hldiiil  Sch.  Medicine,  MIdml  , FI  ))IS2);  Car- 
roll.  F.  B.  ; Barrett,  R.  E.  iVin'f'i,' yf  l^(b):  68S; 
H/;.  (0  refs) 

The  use  of  a tumor-bc'dy  temperature  dltforontlal  to 
pioduce  prolonged  blood  levels  and  enhanced  accum- 
ulation c'f  twc'  ant  Ineopidst  Ic  agents  by  heated  tu- 
nsrrs  In  hyt>othermlc  mice  was  leported  previously. 

To  determine  whether  the  distribution  erf  substances 
with  larger  nsrlecular  weights  Is  affected  slmlldily 
by  this  temperature  gradient  combining  iisrderate 
tuiiKrr  hyperthermia  (I•0-It2  C)  with  body  core  hyv>o- 
thernild  (28  C),  a we  1 1 -character  I red  tracer  protein 
was  empKryed.  Horseradish  peroxidase,  an  en/ymatlc 
basic  protein,  was  Injected  at  2.S  mg/10  g In 
CS/BL/6  mice  bearing  bilateral  subcutaneous  flank 
Implants  erf  a malignant  glUmia,  the  2liimieiman  epen- 
dynxrblastcwwi.  One  tuiixrr  In  each  animal  was  heated, 
while  the  cinrt ra lateral  Implant  assumed  body  tem- 
perature. An  Infrared  lamp  was  used  to  heat  tunsrrs 
to  a AO  C surface  temperature  In  one  series  erf  mice. 
In  anerther,  tuiixrrs  were  heated  with  a mlcrcrwave 
diathermy  generator  at  2,AS0  MHj.  The  use  of  micro- 
wave  radiation  produced  iixrre  uniform  timxrr  heating. 
The  Infrared  lanv  prcrduced  the  highest  temperature 
at  the  surface  erf  the  skin  crverlylnei  the  Implant, 
with  a rapid  decrease  In  tuiixrr  temperature  near  the 
body  wall.  Animals  were  sacrificed  after  varying 
lengths  of  time,  and  plasma,  tunsrrs,  and  parenchym- 
aterus  errgans  were  fHmsrgen  I red  and  assayed  ferr  per- 
oxidase activity  with  a flexrrexwtl  Ic  neetherd.  In 
Ihe  presence  erf  berdv  core  hyperthermia,  the  plasma 
clearance  of  peroxidase  was  retarded,  and  Its  uptake 
by  liver  and  spleen  was  reduced.  The  additlern  erf 
lercal  hyperthermia  Increased  the  uptake  erf  peroxi- 
dase by  heated  teenxrrs,  even  In  ncrriixrthermic  mice, 
but  maximal  accuntulat  lern  resulted  when  tesixrr  hytrer- 
theimla  was  cermblned  with  berdy  core  hypothermia. 


f>60/  THfRMOGRAt’HIC  STUDIES  OF  PHANTOM  AND  CA- 

NINI  KIPNIYS  THAWED  BY  MICROWAVE  HEATING 
(MEETING  ABSTRACT).  iF'v.  ' Mlkerwskl,  S.  M.  (Univ. 
Mlnnesetta,  St.  Paul,  MN  SklOB).  Graham,  E.  F.;  Lll- 
lehel,  R.  C.  IA(6):  688;  18//.  (O  refs) 

Phantom  kidneys  comyxrsed  erf  gelatin,  kC  I , aeed  perly- 
ethylene  glycol  dissolved  In  distilled  water  and 
alletwed  ter  set  In  a kidney-shaped  nx'ld  were  frerren, 
packed  In  slyroferam  cemtalners,  and  placed  In  a 
micrerwave  chemtrer  feet  rewarmIng.  The  chamber  was 
Irradiated  by  Icmg  pulse  ton  tlim',  0.2A  see;  erff 
time,  0.22  sec)  2,AS0-MN<  radlatlern  repeated  ferur 
times.  The  kidney  halves  were  sepatated  lixned  1 a te  ly  , 
and  theriixrgrams  weie  taken  erf  the  sen  face  heal  dls- 
trlbutlcrn.  Kidneys  fre'm  five  dergs  weie  selected  ern 
the  basis  of  site  cermpat  Ibl  1 1 ty  with  the  phante'm  nx'dris 


and  perfused  with  c ryoprec  I p 1 1 ated  plasma  with  I2.S'E 
of  one  of  the  following  ctyoprotec tant s : dimethyl 
sulfoxide,  glycerol,  or  ethylene  glycol.  Five  kid- 
neys were  treated  as  the  phantcxii  nxrdels,  and  five 
were  packed  In  the  gelatin  material.  Again  tliernsc 
grams  were  taken  of  the  sen  face  heat  distribution, 
kidney-shaped  phantoms  she'wed  Intense  hot  s|H'ts  due 
to  the  focusing  effect  of  the  parabolic  Interloi  sui 
face  of  the  kidtcey.  The  effect  of  changing  cccnduc- 
tlvlly  c>f  the  iixxlels  on  the  intensity  of  Ihe  hot 
spots  produced  was  also  denxmst rated.  Canine  kid- 
neys packed  In  styrofoam  alsc>  showed  hot  spots. 
Ikccyever , all  gelatin  packed  kidneys  except  the  cine 
with  ethylene  glycol  In  the  plasnxt  slHccved  uniform 
thawing  above  freezing  but  fcelccw  body  teinperat  ui  e . 


S608  INFLUENCING  FACTORS  AND  RE  SUL  IS  OF  ELEC- 

TROMAGNETIC THAWING  OF  RENAL  TISSUE 
(MEETING  ABSTRACT).  (k>v-  ' Burdette,  E.  C.  (Engi- 
neering Experlii\ent  Station,  Georgia  Inst.  Technccl- 
ogy , Atlanta,  GA  30t32);  karow,  A.  M. , Jr..  Cain, 

F.  1.  IA(6):  683;  187/.  (0  refs) 

The  Influence  of  the  Interaction  cif  blomaleiial, 
radlatlern  frequency,  and  the  electrical  piopertles 
of  thc<  bicxnaterlal  was  Investigated  during  electrcr- 
magnetlc  (EM)  thawing  of  renal  tissue,  kidneys  from 
rabbits  and  dergs  were  perfused  with  erne  erf  several  ^ 
dimethy  I sell  foxlde  (DMSO'  c oncent  rat  Icrns  In  a K*-Mg- 
rlch  perfusate,  frerzen,  and  thawed  elec  trexixignet  leal  ly 
The  electrical  prcrpertles  erf  kidneys,  which  cvere 
nwasured  berth  beferre  and  after  EM  thawing,  were 
generally  up  ter  an  errder  erf  magnitude  greater  In 
the  thawed  state  than  In  Ihe  frerzen  state.  The 
thawed  kidneys  were  evaluated  by  slm(rle  anatcxnlc 
(iirac rerscerpi c and  mlcrcrsccrplc)  and  phys Icr Icrg I c erb- 
servatlcrns  rather  than  by  transplantat  Icm.  Rabbit 
kidneys,  which  are  no  thicker  than  2 cm,  ccruld  be 
crptimally  (unlfcrrmly  and  rapidly)  thawed  by  EM  Il- 
lumination at  2,Ak0  MHz.  Optimal  thawing  of  canine 
kidneys,  which  are  twice  as  thick  as  rabbit  kidneys, 
required  the  Insertion  of  electroseeds  Into  the 
renal  pelvis  prior  to  freezing;  dual  1 1 1 uml nat Ions 
at  7 and  2.AS0  MHz  were  used.  Increased  DMSO  con- 
centratlirns  In  renal  tissue  llUsnInated  with  2,Af)0- 
MHz  energy  Increased  the  electrical  conductivity  of 
the  renal  tissue  for  both  the  frozen  and  thawed 
states.  Thus,  DMSO  decreased  the  EM  thawing  tinie 
and  yielded  kidneys  with  Improved  pc'st-thaw  nx'rph- 
o I og  y . 


S608  CANINE  RENAl  CRYOPRESERVAT ION  USING  DI- 

METHYL SUIPHOXIDE,  HELIUM  PERFUSION,  AND 
MICROWAVE  thawing  (MEETING  ABSTRACT).  (.KYiii.  ' Pegg . 
D.  E.  (DIv.  Crycsbiology , Clinical  Res.  Centre, 
Watford  Rd.  , Hai  icxv,  HAI  3UJ,  England);  Green,  C. 

J.;  Walter.  C.  A.  lAtb):  b8S;  18/7, 

(I  ref) 

An  attempt  was  made  to  conflim  the  findings  of  an 
earlier  study  In  which  canine  kidneys  were  pei fused 
with  a solution  containing  dinwthvi  sulphc^xlde 
(DMSO)  fr'llcrwed  by  helium  gas  and  were  then  ciH'led 
Ic'  -80  C,  hold  at  that  terapeiatuie  for  IS  min, 
thawed  by  microwave  Iriadlatlon  at  2,ltS0  MHz,  and 
t I anspl anted . Nine  dogs,  of  a total  of  17  tech- 
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nically  satisfactory  experiments,  survived  on  a 
single  frozen  kidney.  In  the  present  study  the 
perfusion  of  1 . I|  M DMSO  In  Sacks'  solution  was 
associated  with  a progressive  Increase  in  vascular 
resistance  even  when  a Leucopac  filter  was  In- 
cluded In  the  circuit.  The  flow  rate  of  helium 
gas  during  cooling  was  only  10-12%  of  that  reported 
previously,  but  cooling  was  efficient,  and  a 
stable  core  temperature  of  -80  C was  obtained  for 
15  min.  Microwave  thawing  without  burning  could 
not  be  obtained  by  the  published  technique,  but  it 
was  possible  by  using  six  8-sec  bursts  of  Irrad- 
iation with  lO-sec  pauses  to  obtain  complete  thaw- 
ing without  evidence  of  dangerous  increase  In  tem- 
perature of  any  part  of  the  organ.  Some  kidneys 
were  then  perfused  for  1 hr  and  subjected  to  light 
and  electron  microscopic  examination.  Although 
the  light  microscopic  appearances  were  excellent, 
the  ultrastructure  was  severely  disturbed.  Other 
kidneys  were  transplanted,  but  none  has  been  cap- 
able of  supporting  life. 

5610  RESTORATION  OF  PHAGOCYTOSIS  AFTER  FREEZING 
AND  MICROWAVE  THAWING  OF  GRANULOCYTES 

(MEETING  ABSTRACT).  (Eng.)  Popovic,  V.  (Oept. 
Physiology,  Emory  Univ.  Sch.  Medicine,  Atlanta,  GA 
30322);  Schaffer,  R. ; Popovic,  P. ; Burdette,  E.  C. 
Cryobiology  1lt(6):  698;  1977.  (0  refs) 

Restoration  of  phagocytosis  was  studied  after  freez- 
ing and  microwave  thawing  of  granulocytes  obtained 
from  rat  white  blood  cells  (WBC)  that  were  collected, 
separated,  and  concentrated  using  a 2%  (volume/ vol- 
ume) gelatin.  After  pretreatment  with  a single  vin- 
blastine Injection  and  daily  Oeca-Durabol in  for  10 
days,  the  yield  of  granulocytes  from  donor  rats 
was  Increased  12  times.  Gelatin  supernatant,  con- 
taining WBC  from  several  rats  was  pooled  and  ex- 
pressed Into  20  ml  of  freezing  bags  to  which  1.2  ml 
of  dimethyl  sulfoxide  was  slowly  added.  The  WBC 
were  frozen  (2  C/min)  to  a temperature  of  -50  C and 
kept  at  this  temperature  for  2 or  2k  hr.  During 
each  freezing  experiment,  two  control  bags  with  WBC 
were  kept  at  room  temperature.  The  WBC  were  thawed 
with  a microwave  system  (2,450  MHz)  at  a rate  of  60 
C/mln  to  a temperature  of  25  C.  Two-ml  aliquots  of 
suspended  WBC  were  taken  from  each  bag  before  freez- 
ing, after  thawing,  after  serial  dilution,  and  after 
centrifugation  (the  supernatant  aspirated  to  the 
original  volume)  and  Incubated  with  yeast  for  2 hr. 
Fifty-four  to  62%  of  gelatin  frozen-microwave  thawed 
granulocytes  preserved  fully  their  phagocytic  proper- 
ty. When  dextran  was  used  for  separation,  only  0-3% 
of  granulocytes  showed  weak  phagocytosis  after 
freezing  and  surface  or  microwave  thawing. 

5611  PROCEDURES  FOR  SUCCESSFUL  24-HR-LONG 
FREEZING  AND  MICROWAVE  THAWING  OF  GRAN- 
ULOCYTES (MEETING  ABSTRACTS).  (Eng.)  Popovic,  V. 
(Dept.  Physiology,  Emory  UnIv.  Sch.  Medicine,  At- 
lanta, GA  30322);  Popovic,  P.;  Burdette,  E.  C.  ; 
Schaffer,  R.  Cryobiology  14(6):  698-699;  1977. 

(0  refs) 

A method  for  tne  microwave  thawing  of  frozen  granulo- 
cytes Is  presented.  Donor  rats  were  pretreated  once 


wi  in  . ..r  ■ , . 

to  obtain  Irw  raa%n<t  , r ’ > 

gr.inultKytes  . Du'  ■ a.)  , • . 

and  collection  of  bl.MMl,  i hr  t- 
hypervolemic  (501  of  calculated  |.i  ..•< 
injection  of  3%  of  heparlnl/ed  gelatin  vilui^  ' 
avoid  sudden  decrease  of  arterial  blood  presMj'r 
and  adherence  of  circulating  granulocytes  ti>  wall-, 
of  blood  vessels.  The  collected  bicwd  was  mixed  witl 
30%  more  volume  of  3%  gelatin  to  obtain  about  2% 
gelatin  solution  that  sedimented  white  blood  cells 
(WBC)  from  the  rest  of  the  bicxsd  In  about  20  min. 

The  bags  with  WBC  (5.6  x 14.7  x 1.5  cm)  were  frozen 
between  metal  plates  at  2 C/mln  to  a temperature 
of  -50  C by  placing  the  frames  with  bags  into 
a mechanical  freezer.  To  provide  a uniform  internal 
field  distribution  and  to  efficiently  transfer  en- 
ergy to  the  frozen  cells,  a microwave  system  was 
used.  A frequency  of  2,450  MHz  was  chosen  because 
the  depth  of  electromagnet Ic-fle Id  penetration  at 
this  frequency  was  well  suited  to  the  thickness  of 
the  blood  freezing  bags  (1.3  cm).  A flared  wave- 
guide horn  radiator  (6.4  x 15.2  cm)  mounted  vertic- 
ally and  packed  with  titanium  dioxide  (TIOj)  and 
silicon  dioxide  (SIO2)  used  as  dielectric  frozen 
granulocytes  and  the  electromagnetic  source.  After 
washing,  centrifugation,  and  volume  restoration, 
54-62%  frozen-thawed  granulocytes  were  able  to  phag- 
ocytlze. 


5612  DISTRIBUTION  OF  EXOGENOUS  PEROXIDASE  IN 
NORMOTHERMIC  AND  HYPOTHERMIC  MICE  WITH 
HEATED  GLIOMAS  (MEETING  ABSTRACT).  (Eng.)  Sutton, 
C.  H.  (Univ.  Miami  Sch.  Medicine,  Miami,  FL  33152); 
Carroll,  F.  B. ; Barrett,  R.  E.  Fod  Proo  37(3): 

431 ; 1978.  (0  refs) 

A tumor-body  temperature  differential  used  to 
produce  prolonged  blood  levels  and  enhanced 
accumulation  of  two  ant  I -neoplast ic  agents  by 
heated  tumors  In  hypothermic  mice  was  reported 
previously.  To  determine  If  the  distribution  of 
substances  with  larger  molecular  weights  is 
affected  similarly  by  combining  moderate  tumor 
hyperthermia  (40  C-42  C)  with  body  care  hypothermia 
(28  C) , horseradish  peroxidase  was  Injected  (2.5 
mg/IO  g body  weight)  In  C57BL/6  mice  bearing 
bilateral  subcutaneous  flank  implants  of  the 
Zimmerman  ependymoblastoma.  One  tumor  In  each 
animal  was  heated,  while  the  contralateral  implant 
assumed  body  temperature.  Two  methods  of  heating 
tumors  were  compared.  An  Infrared  lamp  was  used 
to  heat  tunxjrs  to  a 40  C surface  temperature  in 
one  series  of  mice.  In  another,  tumors  were  heated 
with  a microwave  diathermy  generator  at  2,450  MHz. 
The  use  of  microwave  r.idlation  produced  more 
uniform  tumor  heating.  In  the  presence  of  body 
hypothermia,  plasma  clearance  of  peroxidase  was 
retarded  and  its  uptake  by  liver  and  spleen  was 
reduced.  The  addition  of  local  hyperthermia 
Increased  the  uptake  of  peroxidase  by  heated 
tumors,  even  In  normothermic  mice,  but  maximal 
accumulation  resulted  when  tumor  hyperthermia  was 
combined  with  body  core  hypothermia. 


8>ofog$c»/  of  Nomonuing  Ettctro/nagnetk 

Ili4i  Juo9.  197B 


CURRENT  LITERATURE 


'*  n/kStU  COffTfCOSTERONE  TRENDS  IN  RESPONSE 
T(  III  TRIC  riFLOS  (MEETING  ABSTRACT). 

• M (R«r»n%vl V4nl4  State  Unlv., 
i "'*  * N t *’•»./ 


to  • I r#  ' 

.fHl  nnl  %.  «l  > ' . 

transient  inir..it.  . 
was  apparent  ^ .iln  after  t.  t w^' 
intensity  electrii  field  aod  liutt'  : 
the  field  was  rapidly  switched  on  and  of' 
increase  lasted  only  a few  min,  and  curticustrr'  .e 
concentration  was  normal  after  exposure  of  several 
hr,  days,  or  wk.  In  contrast,  mice  that  were 
moved,  socially  mixed,  and  exposed  to  noise  levels 
of  100  dB  had  corticosterone  levels  that  were 
consistently  two  or  three  times  greater  than 
undisturbed  mice  or  mice  exposed  to  high  intensity, 
60-Hz  electric  fields.  It  is  concluded  that  mice 
can  perceive  high  intensity  60-Hz  electric  fields 
but  exhibit  only  orientation  reactions  to  the  onset 
or  offset  of  such  fields. 


561''  OBSERVATIONS  ON  MOUSE  FETUSES  EXPOSED  TO 
2.l|5  GHZ  MICROWAVE  RADIATION  (MEETING 
ABSTRACT).  (Eng.)  Berman,  A.  (Environmental  Res. 
Center,  Research  Triangle  Park,  NC  27711);  Carter, 

H.  B.  Health  Phye  33(6):  661;  1978.  (0  refs) 

Pregnant  mice  were  exposed  to  2. AS  GHz  radiation 
for  100  min  daily  during  organogenesis  and  fetal 
stages  at  a range  of  power  densities  (3. A to  28 
mW/cm^).  The  fetuses  were  examined  for  gross 
external  morphologic  and  other  alterations  near-term. 
Fetal  weight  was  decreased  significantly  at  the 
highest  power  density,  especially  in  litters  that 
contained  dead  fetuses.  There  was  a high  incidence 
of  litters  with  exencephaly  possibly  related  to 
power  density.  An  exposure  of  13-6  mW/cm^  for  100 
min  was  not  thermally  significant.  The  results 
of  application  of  twin-well  calorimetric  techniques 
to  multi-animal  exposure  to  determine  specific 
absorption  rates  will  be  discussed. 

9619  NONIONIZING  RADIATION  LEVELS  AND  POPULATION 
EXPOSURE  IN  URBAN  AREAS  OF  THE  EASTERN 
UNITED  STATES  (MEETING  ABSTRACT).  (Eng.)  Athey, 

T.  W.  (EPA,  9100  Brookvi I le  Rd.,  Silver  Spring,  MO 
20910);  Tell,  R.  A.;  Hankin,  N.  N.;  Janes,  D.  E. 
Health  Phye  33(6):  66l ; 1978.  (0  refs) 

The  EPA  program  for  determining  the  need  for  environ- 
mental radio  frequency  exposure  standards  is  briefly 
described,  and  one  method  of  predicting  population 
exposure  Is  presented.  Environmental  data  were 
collected  with  a van  mounted  system  consisting  of 
antennas,  a spectrum  analyzer,  and  a minicomputer. 
Measurements  were  made  in  seven  frequency  bands 
between  0.01  and  900  MHz  in  which  pilot  studies 
had  indicated  that  the  most  significant  environmental 
exposures  occur.  Environmental  data  were  collected 


at  193  sites  In  seven  cities  in  the  eastern  United 
States.  Values  of  power  density  integrated  over  the 
frequency  range  from  95  to  900  MHz  generally  fail 
into  the  range  between  0.001  and  1.0  pW/cm-  with 
a median  site  value  of  about  0.02-0.03  pW/cm^.  A 
mixlrl  was  developed  to  extrapolate  the  n«asured 
<M(a  to  other  points  within  the  seven  cities.  By 
(<<■4, 1 nl ng  this  model  with  an  automated  population 
-•  **  , >%ilmates  of  population  exposure  were 
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oxygen  uptake  was  nw.,...- ■ 

after  exposure  The  irs|,«  '<i 

pea  tissue  and  the  sur  rttund  i ntj  . 

for  a 10-min  irradiation.  Ttie  inirrn.l  p • 

temperature  increased  1.2  C,  and  the  air  temp»'aii.>» 

in  the  Irradiation  vial  increased  0.29  C during 

the  irradiation.  There  was  a slight  decrease  in 

oxygen  uptake  when  the  peas  were  exposed  to  1 mW/cm-. 

at  9 raW/cm^  the  decrease  was  greater  than  90^. 

When  the  peas  were  soaked  in  a 2.9  glucose  solution 
for  18-20  hr,  the  decrease  In  oxygen  uptake  at 
9 nnW/cm^  was  about  9^.  When  the  peas  were  soaked 
In  g lucose-'‘*C , *‘*C02  showed  that  the  external 
glucose  was  utilized.  Embryo  axes  and  cotyledons 
excised  from  peas  germinating  for  18-20  hr  were 
subjected  to  9 mW/cm-  microwave  irradiation. 

There  was  a small  decrease  In  the  oxygen  uptake 
for  the  embryo  axes  and  a larger  decrease  for 
the  cotyledons,  indicating  that  the  effect  was 
primarily  In  the  cotyledon.  The  data  indicated 
that  the  effect  was  In  the  metabolic  pathway  from 
starch  to  glucose. 

9617  LOW  INTENSITY  MICROWAVE  EFFECTS  ON  THE 
SYNTHESIS  OF  THYROID  HORMONES  AND  SERUM 
PROTEINS  (MEETING  ABSTRACT).  (En,;.)  Travers,  W.  0. 
(U.S.  Nuclear  Regulatory  Commission,  Washington, 

DC  20995):  Vetter,  R.  J.  Health  Phye  33(6):  662; 
1978.  (0  refs) 

The  effects  of  chronic,  tow  Intensity  microwave 
irradiation  on  the  thyro-binding  capacity  and 
levels  of  triiodothyronine,  thyroxine,  thyroid 
stimulating  hormone,  albumin  proteins,  and  alpha-, 
beta-,  and  gamma-globulin  proteins  in  rat  serum 
were  Investigated.  Animals  were  exposed  to  0,  A, 
or  8 mW/cm^  (2,A90  MHz)  8 hr/day  for  0,  7,  lA,  or 
21  days.  Four  animals  exposed  for  21  days  at  each 
level  received  sham  exposures  from  days  22  to  28 
to  test  for  recovery  from  effects.  Following 
treatment,  animals  were  sacrificed,  and  serum 
samples  were  analyzed  via  radioimmunoassay,  com- 
petitive binding  technique,  or  electrophoresis. 

Power  density  and  exposure  time  showed  significant 
(p<0.05)  effects.  A power  density  of  8 mW/cm-' 
induced  significant  decreases  in  the  serum  levels 
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of  thyroxin*,  thyroid- «t  l^lal  < n^  *>”< 

albumin  proteins  and  signifitant  incr«««ei 
alpha-globulin  proteins  and  seriae  thyrn-btno 
capacity.  A high  correlation  betMeen  decreases 
In  thyroxine  and  thyroid-stimulating  hormone 
suggest  that  the  depressed  thyroid  activity  is 
directly  related  to  decreased  serum  levels  of 
thyroid-stimulating  hormone.  The  lowered  thyroid 
hormone  levels  in  serum  probably  contributed  to 
a change  in  normal  protein  metabolism,  which 
resulted  in  alterations  in  serum  protein  fraction. 
The  results  suggested  that  thermal  energy  deposited 
by  chronic,  low  intensity  microwave  exposure 
interacted  directly  or  indirectly  with  the  hypo- 
thalamus to  cause  thyroid  suppression  and  serum 
protein  alteration. 


S6l8  A NONINVASIVE  MICROWAVE  APNEA  DETECTOR 
(MEETING  ABSTRACT).  fSnff.J  Lin,  J.  C. 
(Dept  Electrical  and  Computer  Engineering,  Wayne 
'fat#  Univ.,  Detroit,  Ml  I|8202) ; Dawe,  E.;  Majeher- 
. .1;  "•■■nf’iFnci  25(1):  115:  1978. 
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*mf/cm*  In  ,ir*  ' - - . 
visible  alarms  were  tr  ^ 

lasted  30  sec  or  longer  th*  ax... 
device  Include  non-contact  appliia'^'w-  x 
inates  such  problems  as  loose  electrode  unne 
skin  irritation,  and  restriction  of  breathirsg  i» 
addition,  movement  introduced  in  the  immediate 
vicinity  of  the  incubator  does  not  interfere  with 
the  operation  of  the  detector. 


56:9  SENSATIONS  PRODUCED  BY  ELECTRICAL  TOOTH- 
PULP  STIMULATION  (MEETING  ABSTRACT). 

(Eng./  McGrath,  P.  A.  (Neurobioiogy  and  Anesthesiol- 
ogy Branch,  Natl.  Inst.  Dental  Res.,  Bethesda,  MD) ; 
Graceiy,  R.  H. ; Heft,  M.  W. ; Dubner,  R.  J Dent 
Rea  57 (Special  Issue  A):  65;  1978.  (0  refs) 

Detection  thresholds  for  nonpaIn  sensations  and 
pain  thresholds  were  determined  as  a function  of 
the  frequency  of  an  applied  electric  stimulus. 
Electrical  stimuli  were  1-sec  trains  of  monopolar, 
monophasic,  cathodal,  l-msec  duration,  constant 
current  pulses  delivered  to  the  labial  surface  and 
incisal  edge  of  upper  incisor  teeth.  Using  the 
methods  of  limits  and  constant  stimuli,  five  subjects 
reported  detection  thresholds  that  were  signifi- 
cantly lower  than  pain  thresholds  at  all  frequencies 
studied  (5,  ID,  25,  50,  100,  250,  and  500  Hz). 

Mean  detection  thresholds  remained  constant  at  8 pA; 
mean  pain  thresholds  varied  nonmonotonical ly  with 
frequency,  decreasing  from  26  pA  at  5 Hz  to  20  pA 
at  100  Hz,  and  Increasing  to  25  pA  at  500  Hz. 

Subjects  scaled  the  intensity  of  toothpulp  sensa- 
tions between  detection  and  pain  thresholds  by 
choosing  words  from  a randomized  list  of  sensory 
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5620  reaction  of  PRinARV  TUTh  TO 

CURRENT  (MEETING  ABSTRACT) 

O'Toole,  T.  (Univ.  Louisville,  Louisville. 

J Dent  Rea  57(Special  Issue  A):  226;  1978  (0  rr*s 

The  response  of  normal,  healthy  primary  teeth  to 
electrical  stimulation  was  studied.  The  anterior 
teeth  of  22  children,  A-7  yr  age,  were  electrically 
stimulated.  Each  subject  was  examined  under  controlled 
conditions  on  three  successive  weekly  visits.  The 
electrical  stimulation  was  provided  by  a modified  S.S. 
White  2A  microammeter  with  a 0-30  microammeter  dial 
•lo<H9  with  the  original  0-100  dial.  The  mean  of  all 
•*#  »^eih  were  between  2 and  8 uamp,  97.1%  were  be- 
17  .amp,  and  99.7%  were  < 20  pamp. 
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' ifalue»1  96).  individual 
arches 
* 


betwee*  i*'* 

visits,  an<i  r 

study  demonstrated  that  .«  • 
of  readings  than  females,  af  .i 
higher  range  than  lower  teeth.  The  i 

lower  readings  than  the  centrals  in  the  samp 


5621  PHYSICAL  AND  METABOLIC  CHANGES  IN  HARO 

TISSUE  CELLS  PERTURBED  BY  AN  ELECTRIC 
FIELD  (MEETING  ABSTRACT).  (Eng.)  Norton,  L.  A. 
(Univ.  Connecticut  Sch.  Dental  Medicine,  Farmington, 
CT) ; Bourret,  L.  A.;  Majeska,  R.  J.;  Rodan,  G.  A. 

J Dent  Rea  57(Specia1  Issue  A):  301;  1978.  (0  refs) 

The  effects  of  electric  fields  (EF)  on  normal  bone 
cells  and  on  malignant  cells  (which  differ  in 
their  surface  properties)  were  compared,  and  the 
effects  of  EF  on  cell  attachment  were  examined. 
Osteocytes  (OST)  and  osteogenic  sarcoma  (ROS) 
tissue  cultures  were  prepared  from  20-day  rat 
embryo  calvaria  and  rat  osteogenic  sarcoma, 
respectively.  They  were  maintained  horizontally 
in  a roller  drum  in  MCDB  medium,  10^  fetal  calf 
serum,  antibiotics  at  37  C with  S%  COj.  Culture 
tubes  containing  OST  or  ROS  were  incubated  in 
MCDB  for  6 hr  at  37  C with  or  without  electrical 
perturbation  produced  by  a square  wave,  unipolar 
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w«r« 

di9estion«l4/  '•  ■•« 

reiea&ed  si9n{fi«.«f«t  t * '«»  * » •« 

exposed  to  EF . In  b*mm  r 
from  Che  EF  samples  (Versus  l.il%  |9  * «• 

respective  controls  (p<.01).  in  ROS  • 

Findings  were  1,875-117  For  the  if  sees>>*«  • ■ 
7,491*19*  For  the  control  samples.  The  r»a^t 

the  ability  oF  trypsin  to  remove  the  cells  fries 
tube  Mall  after  EF  exposure  indicated 
# '»#•«  " fhr  adhesive  properties  of  the  cell. 

«r  0 hange  In  cell  membranes 
• e.  ‘Kislv  reported  effects 


• • eai  e * ei 

• • ^ • •»  I • • * 

■ > ^ f ’ «r  A#  ea 

^ - •«*  4 • • * • • 

p[wm*  r ' ' 

t Vp«l  I ,(<%%««•  A a4  a 

The  effect  of  eiowle  • . • 

C<C  periotfonfjl  »nii  »!•*<  f ~ 
was  studied.  Three  frowsts,  r<w  .. 

treated  electrically  for  t,  | •»,<  i,, 

current  (constant  direct  current,  i • j 
was  provided  by  a power^pack  encased  in  e re  *t» 
acrylic  plate.  The  cathode  was  placed  wt.lei 
to  one  maxillary  canine,  while  the  anode  was 
positioned  distally.  Fresh  frozen  b-n  horizontal 
sections  of  whole  maxillas  were  stained  for  cyclic 
adenosine  monophosphate  (cAHP)  and  cyclic  guanosinc 
monophosphate  (cGMP) . At  all  time  stages,  the 
intensity  of  cAMP  staining  of  gingival  and  period- 
ontal fibroblasts  and  periodontal  osteoblasts  near 
the  cathode  Intensified  markedly.  A wide  osteoid 
•i«r  .as  observed  near  the  cathode  at  day  7. 

• <(4>ning  for  cGftP  was  seen  mainly  in  the 
r.  • > nil  group.  Staining  for  both 

very  intense  in  periosteal 
. .'..uSe,  Mfiere  resorptive 
<,i  The  results 
I f • I ec  I r I c 
* ■■  esces  In 

I •■'I  ■ ■ .1 , •(  I hat 

cAyfP  and  tacr 

these  cellular  •.  - - 


Sb23  SCATTERED  hi CItOWAVI  fill  «•  • • 

PLANAR,  DIELECTRIC  SI  AR  wiffl*.  ••  •• 

(Bng.)  Trtcoles,  G.  (General  Dynamics  11#’' 

Div. , P.  0,  Box  81127,  San  Oieqo,  CA  9)1  |8).  RrH>n 
E.  L,;  Hayward,  R.  A.  J Optical  Soc  Am  b7(IO) 

las'*;  1977.  (2  refs) 

The  fields  produced  by  plane  waves  Incident  on  di- 
electric slabs  of  finite  length  and  thickness  were 
determined  numerically  and  experimentally.  The 
numeric  results  were  produced  by  applying  a mcxnent 
method,  and  the  experimental  data  were  measured  with 
a small  antenna  In  a microwave  Interferometer.  The 
field  was  determined  at  locations  Just  outside  the 
slabs  and  at  distances  up  to  several  wavelengths 


for  Incidence  ranging  from  normal  to  grazing. 

>lab  Ihliknesses  were  a guarter  wavelength  or  less, 
t-ir  nun-nornel  ‘n.(aeni»  at  bS*  and  90*,  Intensity 
*'  -ga.  wer»  prasant  tha  waaturad  and  crMputed 
ala  ’ha».  *•  "ea«  aa ' a ,...ula<aa  b«  Intrrfaranca 
• ..  cal  .a«»  a-  '.aa  • i-i' » aavas  T r i nga 

a ^ ■ » . • tr.f  'yj 


5b2‘<  TRtAtntii'  • aa  .■ 

ALLOCRAf  TS.  a . , .,4a 
HYPERTHERMIA  OF  METASTAllt  M ■ 

(Eng.  J Theilen,  G.  H.  (Sen  ..-a 
Uoiv.  California,  Davis,  CA  9Sblb  • 
r ghion,  R.  L. I Madewell,  B. ; Snow,  " 

" C'w^er'  Res  19i  122*1,  19/8 


•-.at-wnt  of  canine  osteosarcoma 

• I UVAHt  chemotherapy,  and/or 
nix  Hogs  treated  with 
t Sr ' Apv  had  *1  mean 
- ! 4dr  iamyc  in 

* -dole 


r»%Olllt  t 1*^  ^ a-  a A*  a 

M4S  * 


5625  MICROUAVl  COORlHo  I SR  t s 

Gerting,  E.  E.  (GcrMixi  Moore,  1'^ 
subsidiary  of  Chemetron  Corp. , Palo  Alto,  CA) 

Food  Eng  50(2):  96-98;  1978.  (0  refs) 

Actual  power  output  from  seven  commercial  microwave 
ovens  made  by  five  different  manufacturers  (three 
American  and  two  Japanese)  was  measured  using  the 
NBS  Test  Procedure  for  Conventional  Ranges,  Ovens 
and  Cooking  Tops  and  various  test  procedures  rec- 
■aanrnded  by  the  manufacturers.  The  NBS  procedure 
<■  I v*d  a lalorlmetric  computation  measuring  the 
- ..  ,*rad  to  four  different  water  loads  (275, 

• 1 , OOO  g)  The  water.  Initially  at 
ii  retained  IT  by  weight 

‘ famperafure  rose 
<1  • d at 

fa- 

boo. 

tested,  tiw  . 

procedure  was  c 

49 J w,  respec  1 1 ve 1 . 

gave  an  average  prmiei  ■ . 

test  with  salt.  Using  varu'.. 

by  the  manufacturers,  dlfferemec 

with  respect  to  the  N8?  test  as  high  a- 
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observed.  In  addition  to  the  above  discrepancies, 
oven  regulation  (difference  in  power  measured  at 
120  V and  at  110  V divided  by  the  power  at  iiS  V) 
also  varied  from  oven  to  oven;  the  variation 
ranged  from  as  low  as  i.St  to  as  high  as  20.0%. 

It  is  concluded  that  standardization  of  the  test 
procedure  for  power  output  Is  needed  and  that  it 
Is  not  easy  to  find  a way  to  improve  on  the  test 
procedure  for  power  output  proposed  by  the  N8S. 


5626  long-term  effects  OF  2.45-GHZ  RADIATION 
ON  THE  ULTRASTRUCTURE  OF  THE  CEREBRAL 
cortex  and  on  hematologic  profiles  OF  RATS.  (Eng.) 
Swil/er,  w.  G.  (Dept.  Bioengineering,  Southwest 
Res  Insi  , SSOO  Culebra  Road,  San  Antonio,  TX 
rR2*AI  Mltihell,  0.  S.  RcuHo  Sci  12(65):  287-293: 

*1  (26  r»»s) 

• —a*  * rtwMve  exposure  chamber  was  used  to 
» -->«»->|lal  lone-(ere  changes  in  the 

• ---  r'ebral  lorte*  of  rats  that 

.»  low  intensity  continuous 

-•  ' the  ippor- 

t ■ » 1 Manges . a 


In  - 1 
other  r»mm. . . 

HematologI  ana 

vat  ion  In  the  red 

value  of  7. 77  « lu  !■  • 

8.46  X lO*".  Different  . 
produced  evidence  of  sec 
Irregularities.  Periodic  samples 
perature  obtained  during  the  roursa  •* 
revealed  no  indication  of  whole-body  in-at 
results  of  this  study  and  other  related  Invest 
tions  Indicate  that  exposure  to  low  Intensity  ml 
crowave  Irradiation  can  result  in  both  transient 
and  In  long  term  structural  anomalies  In  the  cen- 
tral nervous  system  tissue  and  may  result  in  var- 
ious hematologic  Irregularities.  However,  the 
functional  significance  of  such  effects  remains 
uncerta in. 


5627  AN  ANALYSIS  OF  RADAR  EXPOSURE  IN  THE  SAN 
FRANCISCO  AREA.  (Eng.)  Tell,  R.  A. 
(Environmental  Protection  Agency,  Office  of  Radia- 
tion Programs,  P.O.  Box  15027,  Las  Vegas,  NV  89114). 
|8  pp;  1977.  [Environmental  Protection  Agency  Tech- 
nical Note  ORP-EAD  77-31.  (3  refs) 

An  analysis  of  radar  exposure  data  for  the  San  Fran- 
cisco area  that  was  obtained  during  the  period  June- 
August  1975  Is  presented.  The  data  included  meas- 
iremenis  In  the  1,030  radar  beacon  band  (Interro- 
< s and  the  I ,215-1 ,400-MHz,  2 , 700-3 , 700-MHz , 
nwr . end  8 , 500- 10 , 500-MNz  radar  bands. 

■ lined  el  a Pain  Alto  site  was 


2.7  X 10"'*  (jW/cm^  and  at  a Bernal  Heights  site 
1.1  X 10'^  pW/cm^  for  the  top  10  contributing  sources 
at  each  location.  Exposure  In  the  2,700-2,900-MHz 
band  at  a Ht.  Diablo  site  was  2.6  x 10  ^ pW/cm*^. 

These  values  are  generally  equal  to  or  lower  than 
commonly  existing  radio  frequency  fields  from  sig- 
nals in  the  broadcast  service  on  the  basis  of  past 
EPA  measurements.  Based  on  these  results  it  seems 
that  radars  are  not  a nujor  perturbation  of  Che 
ambient  electromagnetic  radiation  exposure  picture. 


5628  ELECTRICAL  MODIFICATION  OF  BLOOD  FLOW 

(LETTER  TO  EDITOR).  fAHi.  ■ CooA.  A.  H. 
(Long  Island  Coll.  Hosp. , 340  Henry  St.,  Brooklyn, 

NY  11201).  South  Med  .!  71  (2):  225;  1978.  (2  refs) 

The  use  of  electrical  stimulation  of  the  spinal 
cord  to  treat  patients  with  vascular  disease  of 
the  extremities  is  reported.  Regional  vasodilation 
occurred  In  response  to  the  electrical  stimulation 
even  In  patients  who  had  been  unsuccessfully  treated 
with  sympathectomy  and  arterial  bypass.  In  one 
patient  with  Infarction  of  the  dorsum  of  a foot, 
electrical  stimulation  of  the  spinal  cord  resulted 
■ complete  epi the  I lal I /at  Ion  In  the  affected  zone 
wItMin  I wS  after  ' vf  if  continued  spinal  cord 
‘f  iPyerT  . I jrrence  ::r  breakdown  has 

• I -I  1—  ha»  also 


of 

t Ion  , 

phenomenon  wa< 

OLR  at  5 and  Id  s» 
decreased  weight  growi- 
fleld  was  comparable  to  t?  - 
agents.  These  behavioral  observe* 

the  need  for  long  exposure  studies  dealing  eitn  vpe- 
ciflc  and  nonspecific  effects  of  magnetostatic 
fields. 


5630  OPINIONS  SIZZLE  OVER  RF  HAZARDS  (LETTER 
TO  EDITOR).  (Eng.)  Osepchuk.  J.  M. 
(IEEE  Committee  on  Man  and  Radiation,  Waltham,  MA 
02154).  Mi.rnooauee  17(1):  HO;  1978.  (1  ref) 

In  response  to  literature  dealing  with  the  assump- 
tion that  there  are  hazardous  nonthermal  effects 
from  low  density  nonionizing  radiation.  It  Is 
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Stated  that  fear  which  feeds  on  the  absence  of 
verified  or  verifiable  evidence  is  hampering  basic 
studies  and  may  thereby  restrict  medical  develop- 
ment and  the  application  of  radiofrequency  radia- 
tions. 


5631  BIOLOGICAL  EFFECTS  OF  HIGH  STRENGTH  ELEC- 

TRIC FIELDS.  SECOND  INTERIM  PROGRESS 
REPORT  SEPTEMBER  1976  - MARCH  1977-  (Eng.)  Phil- 
lips, R.  D.;  Kaune,  W.  T.  (Battelle  Pacific  North- 
west Lab.,  Richland,  WA).  116  pp;  1977.  [avail- 
able through  National  Technical  Information  Serv- 
ices, Springfield,  VA  22161,  Document  No.  CONS/ 

1830- 2J.  (8  refs) 

Progress  made  on  a project  to  determine  the  biolog- 
ical effects  of  high  strength  electric  fields  on 
small  laboratory  animals  is  reported.  Topics  dis- 
cussed include  the  design,  construction,  and  testing 
of  a prototype  and  special  studies  exposure  system; 
the  design  and  construction  of  exposure  systems 
for  rats  and  mice;  dosimetry;  experiments  to  de- 
termine the  maximum  field  strength  that  does  not 
produce  corona  discharge,  ozone  formation,  shocks 
to  the  animal,  hair  stimulation,  or  a behavioral 
preference  by  rats  to  avoid  exposure  to  the  field; 
and  preparations  for  the  biological  screening  ex- 
periments. The  special  studies  exposure  system  is 
free  of  corona  discharge  at  a field  strength  of 
130  kV/m,  and  rats  do  not  receive  shocks  in  their 
cages  at  this  field  strength.  At  a field  strength 
of  much  greater  than  130  kV/m,  visible  hair  move- 
ment was  detected.  Rats  given  the  option  of  being 
exposed  or  not  exposed  to  vertical  60-Hz  electric 
fields  exhibited  a preference  not  to  be  exposed  at 
field  strengths  of  90,  105,  and  130  kV/m;  whereas, 
at  field  strengths  of  0,  50,  60,  and  75  kV/m  there 
was  no  statistically  significant  pre-ference  for  or 
against  exposure.  Experiments  conducted  to  deter- 
mine the  effect  of  exposing  rats  to  80  kV/m  for  8 
hr  and  40  hr  (8  hr/day  for  5 days)  using  the  spe- 
cial studies  exposure  system  revealed  that  heart 
rates  of  exposed  animals  did  not  differ  signif- 
icantly from  those  of  sham-exposed  controls.  Pro- 
cedural and  baseline  measurements  for  biological 
screening  experiments  have  been  completed,  and  the 
first  series  of  biological  screening  experiments 
was  scheduled  to  start  April  5.  1977. 


5632  MICROWAVE- INDUCED  CHRONOTROPIC  EFFECTS  IN 
THE  ISOLATED  RAT  HEART.  (Eng.)  Olsen, 

R.  G.  (Naval  Aerospace  Medical  Res.  Lab.,  Biomed- 
ical Dtv. , Pensacola,  FL  32508);  Lords,  J.  L.  ; 
Ournay.  C n Ann  Homed  Eng  5(4):  395-409:  1977. 
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Tw«  * n«iinuous  wave  960-MHz  microwave 

'**4>e*i*w.  .enlated  perfused  rat  hearts  were 
«iwe.ea  « we  « tanqendorff  preparation, 

e f*  vAe  '*  « ' ew'd'crystal  opt  leal -fiber  tem- 
ee'efwr*  a^eme  t sWnwe  bv  calorimetric  meth- 

..et  'We<  vreaiie'eia  wcurred  at  microwave  dose 
•ate.  e*  1 I .me  ; < «M/«.  I Mesa  dose  rates  should 
me..  ( Wisee  m>te  tscNetardla  In  the  heart  based  on 
the  t he > wi ea n i I p-oeertl.s  of  the  Irradiation. 


The  observed  bradycardia,  moreover,  exhibited  neu- 
rologic features  because  atropinized  hearts  showed 
strong  tachycardia  during  irradiation  and  hearts 
treated  with  propranolol  showed  significantly 
stronger  bradycardia  during  irradiation  than  that 
seen  without  drugs.  It  is  hypothesized  that  mi- 
crowave energy  interacts  with  the  remaining  portion 
of  the  autonomic  nervous  system  within  the  heart 
to  produce  the  observed  chronotropic  effects. 


5633  MICROWAVE  ABSORPTION  AND  ITS  BIOLOGICAL 
EFFECTS.  (Eng.)  Webb,  S.  J.  In:  Nu- 
trition Tine  and  Motion  in  Metaboliam  and  Genetiae. 
(Springfield:  Charles  C.  Thomas):  246-275;  1976. 
(refs) 

Studies  on  microwave  absorption  in  biological  stud- 
ies using  various  types  of  ceils  are  reported. 
Growth  of  Esaheriohia  coli  was  slowed  or  interfered 
with  by  microwaves  at  a frequency  of  136  GHz,  and 
frequencies  of  66  and  73  GHz  also  slowed  or  stopped 
the  syntheses  of  deoxyribonucleic  acid  and  protein 
as  well  as  the  proliferation  of  cells.  An  analysis 
of  these  data  revealed  that  frequencies  able  to 
affect  metabolic  processes  of  proliferating  cells 
were  separated  by  integral  multiples  of  7 GHz.  It 
was  also  found  that  frequencies  able  to  interfere 
with  the  growth  of  cells  could  be  divided  into  two 
groups:  one  group  strongly  inhibited  the  prolif- 
eration of  cells  and  the  other  did  so  weakly.  Ex- 
periments with  various  types  of  tumor  cells  re- 
vealed that  microwave  irradiation  resulted  in  a 
loss  of  tumorgenici ty , with  the  tumor  cells 
strongly  absorbing  microwaves  at  frequencies  of  67, 
69>  71.5,  73,  and  75.5  GHz.  This  suggested  a fre- 
quency series  separated  by  approximately  2.5  GHz. 
The  absorption  of  the  above  microwave  frequencies 
seemed  to  represent  transitions  from  one  quantum 
value  to  another,  of  one  rotational  movement  of 
water  on  one  of  its  own  axes,  or,  the  movement  of 
whole  water  molecules,  termed  motation.  It  Is 
hypothesized  that  the  attenuation  of  a series  of 
microwave  frequencies,  able  to  affect  metabolic 
processes,  is  due  to  the  motation  of  water  around 
the  periphery  of  macromolecules. 


5634  MICROWAVE  EXPOSURE  ARRAY:  IMPROVED  FIELD 
MEASUREMENTS.  (Eng.)  Oliva,  S.  A. 

(Armed  Forces  Radlobioiogy  Res.  Inst.,  Defense 
Nuclear  Agency,  Bethesda,  MD  20014).  15  pp.; 

1977.  [available  through  National  Technical  Infor- 
mation Services,  Springfield,  VA  22161,  Document 
No.  AD  A045142].  (3  refs) 

Improved  field  measurements  for  Styrofoam  and  Plexi- 
glas cages  and  a microwave  exposure  array  previ- 
ously designed  and  constructed  at  the  Armed  Forces 
Radlobioiogy  Research  Institute  are  described.  A 
new  miniature  isotropic  electric  field  probe  de- 
signed by  the  Bureau  of  Radiological  Health  was 
used,  and  the  measurements  demonstrated  the  effec- 
tiveness of  the  cages  for  microwave  research.  The 
Styrofoam  and  Plexiglas  cages  were  demonstrated 
to  cause  field  perturbations  ranging  from  0-.65  dB, 
depending  on  cage  orientation  and  the  location  at 
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which  the  probe  was  inserted  in  the  cage.  An  anal- 
ysis of  field  measurements  of  the  complete  micro- 
wave  exposure  array  without  rats  and  with  rats  In 
all  cages  Indicated  that  the  power  density  in  the 
exposure  array  varied  by  as  much  as  ±23%  from  the 
average  power  density  in  the  cages  farthest  from 
the  antenna  due  to  scattering  from  moving  rats  In 
other  cages;  however,  the  average  value  In  any 
cage  varied  by  no  more  than  ±5%  from  the  composite 
average  of  all  cages.  The  phase  difference  between 
cages  was  not  considered  as  the  size  of  the  cages 
was  greater  than  one  wavelength  (12.3^  cm)  in  all 
dimensions.  The  animals,  being  free  to  move,  would 
thus  be  exposed  to  the  field  in  many  different 
phases,  depending  on  their  location  In  the  cage  at 
the  time.  The  array  was  located  in  the  far  field 
of  the  antenna,  with  the  closest  cage  being  A. 5 m 
from  the  antenna. 


5635  EXTREMELY  LOW  FREQUENCY  (ELF)  VERTICAL 

ELECTRIC  FIELD  EXPOSURE  OF  RATS:  IRRADI- 
ATION FACILITY.  (Eng.)  Mathewson,  N.  S.;  Oliva, 

S.  A.;  Oosta,  G.  M.;  Blasco,  A.  P.  (Armed  Forces 
Radiobiology  Res.  Inst.,  Defense  Nuclear  Agency, 
Bethesda,  MD  2001l|).  55  pp;  1977.  [available 

through  National  Technical  Information  Services, 
Springfield,  VA  22161,  Document  No.  AD  AOASOSO] . 

(12  refs) 

An  extremely  low  frequency  (ELF)  vertical  electric 
field  irradiation  facility  consisting  of  six  iden- 
tical exposure  chambers  is  described.  The  facility 
simulates  the  vertical  electric  field  radiated  from 
the  United  States  Navy's  proposed  ELF  communica- 
tions system,  which  is  designed  to  establish  world- 
wide communication  with  its  submarine  fleet.  The 
irradiation  facility  Is  designed  to  study  the  pos- 
sible bioeffects  of  ELF  on  96  rats  equally  divided 
among  the  six  exposure  chambers  and  individually 
housed  in  specially  modified  nonmetal  lie  cages. 
These  cages  are  designed  to  minimally  perturb  the 
exposure  field  and  provide  accurate  means  to  meas- 
ure food  and  water  consumption.  Each  exposure 
chamber  can  be  independently  operated  up  to  field 
strengths  of  1,000  V/m  (root  mean  square)  at  any 
sinusoidal  ELF  frequency.  At  A5  Hz,  the  frequency 
chosen  for  this  research,  chamber  cross-talk  is 
lass  than  -60  dB  and  the  vertical  electric  field 
uniformity  within  the  exposure  area  Is  ±5%. 


5636  THEORITICAL  APPROACH  TO  THE  EFFECTS  OF 

EITRCMIl*  (OW  FRigufNCY  ELECTROMAGNETIC 
FIELDS  OR  ! Rf  Z s rn.  . Wayland, 

J.  R.  (Fuel  Cycle  Risk  Analysis  DIv  '^andia  Lab., 
Albuquerque,  V ffFHS  24  pp  , IRfF  favallable 
through  Rational  IpK*^  il  Infnrnat 'rir  Servlie, 
Springfield,  VA  I2I4I.  Ip  • LArt 
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critical  concentration  before  mitotic  activity 
begins.  The  precise  molecule(s)  Is  not  Identified. 
By  Ignoring  the  transition  period  from  the  normal 
(control)  mitotic  cycle  to  the  lengthened  mitotic 
cycle  of  exposed  Pp,  the  change  in  activation  energy 
is  established,  and  this  activation  energy  is 
found  to  be  in  the  range  of  enzyme-catalyzed  reac- 
tions. The  influence  of  frequency  on  Pp  Is  also 
incorporated  Into  the  model,  and  a stronger  coupling 
of  the  electromagnetic  field  is  seen  as  the  fre- 
quency decreases. 


5637  THE  BIOLOGICAL  EFFECTS  OF  MAGNETIC  FIELDS 
ON  MAN.  (Eng.)  Ketchen,  E.  E.  (Oak 

Ridge  Natl.  Lab.,  P.O.  Box  X,  Oak  Ridge,  TN  37830); 
Porter,  W.  E.;  Bolton,  N.  E.  Am  Ind  Hyg  Aaaoc  J 
39(1):  1-11;  1978.  (4li  refs) 

The  biological  effects  of  stationary  magnetic  fields 
(SMF)  are  reviewed.  Although  little  is  known  about 
the  effects  of  SMF  on  man,  Soviet  studies  on  workers 
employed  In  the  fabrication  of  permanent  magnets 
Indicate  bradycardia,  tachycardia,  and  a decrease 
in  arterial  blood  pressure  along  with  irritability, 
fatigue,  occasional  dizziness,  altered  appetite, 
and  headache.  Studies  with  animals  indicate  that 
SMF  can  affect  central  nervous  system  activity,  ap- 
petite, behavior,  aging,  and  heart  action  as  well 
as  produce  changes  in  various  organs  and  tissues, 
including  blood.  Soviet  workers  observed  brain 
lesions  in  a rabbit  after  exposure  to  a SHF,  al- 
though the  lesions  were  later  shown  to  be  due  to 
enhancement  of  the  effect  of  an  endemic  infection 
by  exposure  to  a SMF.  The  lowest  detectable  limit 
of  interaction  between  higher  animals  and  SMF  is 
80-100  G.  Exposure  limits  for  man  of  200  G for  the 
whole  body  or  head  and  2,000  G for  arms  and  hands 
have  been  proposed  for  extended  exposures.  For 
short  exposure  periods  (minutes),  2,000  G for  the 
whole  body  or  head  and  20,000  G for  the  arms  and 
hands  have  been  proposed.  It  is  recommended  that 
people  with  a history  of  mental  problems,  those 
with  implanted  electronic  medical  devices,  pregnant 
women,  and  persons  with  chronic  health  problems, 
such  as,  sickle  cell  anemia  or  heart  trouble  be 
excluded  from  exposure  to  SMF.  Apart  from  the 
possible  harmful  effects  of  a SMF  on  man,  there  may 
be  useful  effects  in  the  treatment  of  diseases. 

For  example,  the  French  are  working  with  magnetic 
fields  for  the  treatment  of  cancer,  sleeping  sick- 
ness, and  atherosclerosis. 

5638  EFFECTS  OF  MICROWAVES  ON  ORGANISMS.  GYM- 
SODXNIUM  BREVE  AS  A MODEL  SYSTEM.  (Eng.) 

Martin,  D.  F.  (Dept.  Chemistry  and  Physics,  Univ. 
South  Florida,  Tampa,  FL  33620);  Martin,  B.  B. ; 
Bloch,  S.  C.  1/  Envipon  Soi  Health  A12(10):  523- 
530;  1977.  (5  refs) 

The  Florida  red  tide  organism,  Gyrmodinium  breve 
(Gb) , a neretic  dinof lagel late,  was  used  as  a model 
system  to  study  the  effects  of  continuous  wave  ml- 
' tiiMve  radiation  at  a frequency  of  2,450  MHz  and 
at  iwnsMT  levels  of  up  to  50  W.  Inasmuch  as  this 
ti'Hile  celled  organism  Is  motile  and  dispersed  in 
xaa  weier  medium.  It  seemed  unlikely  that  the  orga- 
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nisms  could  achieve  a temperature  significantly 
different  from  the  medium;  moreover,  the  effect  of 
simple  temperature  alteration  was  known  for  this 
organism.  Preliminary  experiments  with  nonlrradl- 
ated  organisms  Indicated  no  statistically  signif- 
icant loss  of  cell  numbers  as  a result  of  experi- 
mental manipulation  or  simple  temperature  rises  of 
up  to  6 C under  the  conditions  used.  When  the  cells 
were  irradiated,  little  effect  on  cell  survival 
was  noted  for  total  energies  of  up  to  0.08-0.09 
kJ/cm^;  however,  the  fraction  of  surviving  cells 
decreased  to  O-ki  of  control  values  at  total  ener- 
gies of  greater  than  0.1-0.12  kj/cm^.  Cell  sur- 
vival 1 wk  after  irradiation  was  related  to  total 
energy  absorbed  and  not  to  the  power  level  used 
since  there  was  no  statistically  significant  dif- 
ference between  the  use  of  lower  power  levels  for 
a longer  period  or  higher  power  levels  for  a 
shorter  duration  provided  the  total  energy  absorbed 
was  the  same.  Over  a It8-hr  period,  a first-order 
decrease  in  cell  numbers  was  observed,  and  beyond 
1)8  hr,  the  cells  appeared  to  agglomerate.  The 
above  results  indicate  the  usefulness  of  Gb  as  a 
model  system  and  show  that  microwave  radiation  is 
disruptive  to  Gb  cells  even  when  low  power  levels 
are  used. 


5639  HICROWAVE  ISSUE  HEATS  UP.  (Eng.)  Wade, 

N.  (No  affiliation  given).  Trends  Bio- 
ahem  Soienoes  3(2):  N33-N3^:  1978.  (0  refs) 

Differences  between  microwave  safety  standards  in 
the  United  States  and  the  Soviet  Union  are  dis- 
cussed. The  acceptable  level  of  microwave  exposure 
in  the  United  States  of  10  mW/cm^  is  based  on  the 
conception  that  the  principal  biologic  effects  of 
microwaves  are  exerted  through  heating  of  tissues, 
and  calculations  suggest  that  the  human  body  can 
accept  10  mW/cm^  without  an  increase  in  body  tem- 
perature. The  Russian  standard  of  0.01  mW/cm^  is 
based  on  observations  that  low  level  microwave  ex- 
posure can  cause  headaches,  irritability,  sleep 
disturbances,  loss  of  sexual  desire,  and  general 
malaise.  American  scientists  have  been  generally 
unable  to  establish  such  effects.  In  the  United 
States,  the  bulk  of  research  into  the  biologic 
effects  of  microwaves  has  been  supported  by  the 
military  services,  which  have  an  enormous  vested 
Interest  in  maintaining  the  10  mW/cm^  safety  level, 
and  there  is  a conspiracy  theory  that  the  Department 
of  Defense  has  therefore  organized  its  research  to 
support  the  existing  standard.  On  the  other  hand, 
Russian  biologists  may  perhaps  be  overaddicted  to 
Pavlovlan  theories.  Probably  both  approaches  have 
their  merits,  and  the  Intractability  of  the  subject 
matter  may  I.e  the  chief  reason  for  the  American- 
Russian  divergence. 


56kO  THE  HYPING  OF  AMERICA  (EDITORIAL). 

(Eng.)  Bease,  S.  (No  affiliation  given). 
Mioroixcues  17(2):  38;  1978.  (I  ref) 

The  Zapping  of  America;  MioroiMves,  Their  Deadly 
Riek  cpxi  the  Cover-Up  Is  critically  discussed.  The 
book  attempts  to  prove  that  an  electromagnetic  en- 
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vironment  has  been  established  in  the  United  States 
that  is  hazardous  to  human  health.  In  addition, 
it  charges  that  a massive  effort  has  been  made  by 
industry  and  military  officials  to  cover  this  up. 

The  book  is  a complex  maze  of  scientific  and  pseudo- 
scientific information  and  raises  more  questions 
than  It  answers.  The  author  concludes  that  the  book 
and  the  T.V.  appearances  of  its  author,  Paul  Brodeur, 
render  a disservice  to  many  dedicated  biophysics 
researchers. 


5661  ELECTROMAGNETIC  STRETCH  OF  INDIVIDUAL 

MUSCLES  IN  BEHAVING  PRIMATES.  (Eng.) 

Wolpaw,  J.  R.  (Lab.  Neurophysiology  and  Section 
on  Technical  Development,  Natl.  Inst.  Mental  Health, 
Bethesda,  MD  20016);  Colburn,  T.  R.  Brain  Res  l6l 
(1):  193-196;  1978.  (5  refs) 

An  electromagnetic  technique  for  inducing  stretch  of 
Individual  muscles  in  Maoaaa  mulatta  primates  by  the 
direct  application  of  calibrated  force  unaccompanied 
by  other  stimuli  is  described.  The  technique  In- 
volves the  use  of  an  external  electromagnet  to  ap- 
ply force  to  a small  piece  of  permeable  metal  chron- 
ically imbedded  In  the  musculotendinous  junction. 

A monkey  with  the  implant  in  the  flexor  carpi  ul- 
narls  was  placed  in  a primate  chair,  with  the  upper 
arm  restrained  by  a cuff,  the  elbow  flexed  to  90 
degrees,  and  the  forearm  passing  through  an  elec- 
tromagnet spool.  The  forearm  was  positioned  Inside 
the  spool  so  that  the  implant  was  half  Inside  the 
proximal  end  of  the  coll  and  as  near  to  its  longi- 
tudinal axis  as  possible.  The  arrangement  permitted 
no  significant  axial  or  radial  movement  of  the  fore- 
arm relative  to  the  coil.  An  analysis  of  electro- 
myographs (EMG)  of  tendon  jerks  following  the  onset 
of  100  msec  (7  msec  rise  time),  90  g,  direct  current 
stretch  delivered  at  pseudo-random  3-6  sec  intervals 
Indicated  a correlation  between  tendon  jerk  amplitude 
and  background  EMG  activity.  When  the  inactive  muscle 
was  subjected  to  a 3.6  sec,  77  g peak,  60-Hz  full 
wave  rectified  stretch,  an  initial  stretch  retiex 
and  a subsequent  tonic  vibratory  response  were  ob- 
served. The  above  technique  has  a variety  of  pos- 
sible applications  in  research  at  peripheral,  seg- 
mental, and  suprasegmental  levels. 


5662  EFFECT  OF  MICROWAVE  OR  WATERBATH  HYPER- 
THERMIA ON  TUMOR  GROWTH  (MEETING  AB- 
STRACT). (Eng.)  Sparks,  F.  C.  (Veterans  Hosp., 
Sepulveda,  CA) . Hosp  Topics  56(1):  18;  1 978. 

(2  refs) 

The  effect  of  total  body  microwave  hyperthermia  and 
total  body  waterbath  hyperthermia  on  local  tumor 
growth  in  mice  was  compared  to  select  an  optimal 
form  of  hyperthermia  for  adjuvant  chemotherapy 
breast  cancer  programs.  Tumors  were  Implanted  sub- 
cutaneously In  BALB/C  female  mice,  which  were  di- 
vided into  three  treatment  groups  after  the  tumors 
had  grown.  One  group  served  as  a control,  and  the 
other  two  groups  were  treated  with  hyperthermia  to 
61.5  C for  60  min.  One  of  the  groups  treated  with 
hyperthermia  was  heated  by  Immersion  to  neck  level 
in  a waterbath,  while  the  other  group  was  heated  In 
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a Litton  microwave  oven  modified  for  biologic  use. 

At  16  days  after  tumor  implantation,  the  tumor 
volume  In  control  mice  had  grown  56t  compared  with 
321  in  mice  treated  by  microwave  hyperthermia  and 
2l||  in  mice  treated  by  waterbath  hyperthermia.  The 
effects  on  tumor  size  and  animal  survival  were 
transient.  It  is  concluded  that  the  simpler  whole 
body  waterbath  hyperthermia  Is  as  effective  as 
whole  body  microwave  hyperthermia,  and  It  Is  sug- 
gested that  this  form  of  adjuvant  therapy  may  have 
a place  in  treating  women  with  Stage  2 breast  cancer. 


ELECTROMAGNETIC  RHEOANGIOHETRY:  AN  EXTEN- 
SION OF  SELECTIVE  ANGIOGRAPHY.  (Eng.) 
Koiin,  A.  (Biophysics  Lab.,  UCLA  Center  for  the 
Health  Sciences,  Los  Angeles,  CA  30024);  MacAlpIn, 

R. ; Steckei , R.  Am  J Roentgenol  i30(i):  13-23; 

1978.  (12  refs) 

An  electromagnetic  rheoanglometric  technique  is 
described.  A harmless  magnetic  field  produced  by 
an  extracorporeal  -^gnet  induces  in  human  blood 
vessels  electrical  signals,  which  carry  information 
about  regional  blood  flows.  Loop  probes  of  halrllke 
consistency  equipped  with  fine  electrodes  are 
introduced  percutaneous  I y and  selectively  into  the 
vasculature  through  angiographic  catheters  to  pick 
up  these  magnetically  Induced  signals  at  selected 
loci.  In  addition  to  a continuous  record  of  phasic 
blood  flow,  the  loop  sensors  provide  signals  that 
measure  variations  in  vascular  diameters,  thus 
yielding  a continuous  record  of  active  and  passive 
vasomotion.  Coupled  with  blood  pressure  recordings, 
these  data  permit  the  determination  of  the  elastic 
constants  of  blood  vessels  In  situ.  The  capabil- 
ities of  electromagnetic  rheoang tome try  for  pro- 
viding continuous  records  of  these  vascular  para- 
meters are  illustrated  with  tracings  In  dogs,  using 
multichannel  recorders,  which  provide  continuous 
Information  of  arterial  blood  pressures,  instanta- 
neous and  mean  vascular  diameter  changes  simulta- 
neously in  two  nonadjacent  arteries. 


5644  A NEW  HAZARD  IN  THE  USE  OF  AN  EXTERNAL 
DEMAND  PACEMAKER.  (Eng.)  Hasin,  Y. 
(Intensive  Cardiac  Care  Unit,  Hadassah  Medical 
Center,  Jerusalem,  Israel);  Mahler,  Y. ; Rogel , S. 

J EleatTooardiol  11(1):  93-96;  1978.  (16  refs) 

Capacitive  coupling  of  50-Hz  fields  from  the  envi- 
ronment was  found  to  inhibit  ventricular  pacing 
by  a Medtronic  model  5880A  external  demand  pace- 
maker. The  inhibition  lasted  as  long  as  the  metal 
coverplate  of  the  pacemaker  was  touched  by  the 
physician's  bare  hands.  The  electrical  field 
measured  during  the  time  that  pacing  was  inhibited 
was  0.1  V/IO  cm.  When  all  of  the  electrical  cables 
were  disconnected  from  the  mains,  the  electrical 
field  was  reduced  to  0.002  V/10  cm,  and  the  above 
described  interference  with  ''acemaker  function  could 
not  be  elicited  anymore.  However,  even  under  these 
conditions,  touching  the  metal  coverplate  with 
bare  hands  caused  activation  of  the  sensing  mech- 
anism, resetting  the  timing.  Such  inhibitions  due 
to  handling  of  the  pacemaker  by  medical  personnel 


were  repeatedly  observed  in  all  of  six  such  pace- 
makers used  routinely.  The  above  pacemaker  mal- 
function could  not  be  elicited  In  a model  5840 
external  pacemaker,  which  has  a plastic  coverplate. 
Pacer  inhibition  in  units  with  metal  coverplates 
was  demonstrated  to  be  induced  by  capacitive  coupled 
50-Hz  fields  from  the  environment,  activating  the 
sensing  mechanism  through  the  metal  coverplate. 


5645  THE  TRAJECTORIES  OF  PARTICLES  SUSPENDED 
IN  ELECTROLYTES  UNDER  THE  INFLUENCE  OF 
CROSSED  ELECTRIC  AND  MAGNETIC  FIELDS:  POSSIBLE 
EXPLANATION  OF  THE  SENSITIVITY  OF  ORGANISM  TO 
MAGNETIC  FIELDS.  (Eng.)  Gunter,  R.  C.  (Dept. 
Physics,  Holy  Cross  Coll.,  Worcester,  MA  OI61O); 
Bamberger,  S. ; Valet,  G. ; Crossin,  M. ; Ruhenstroth- 
Bauer,  G.  Biophys  Stmat  Meoh  4(1):  87-95:  1978. 

(15  refs) 

Various  types  of  particles  suspended  in  electrolytes 
were  exposed  to  crossed  electric  and  magnetic 
fields  to  study  the  mechanism  by  which  certain  ani- 
mals orient  themselves  in  the  earth's  magnetic  field. 
When  non-conducting  polystyrene  beads,  quartz  powder, 
blood  cells  (erythrocytes  and  thrombocytes),  me- 
tallic particles,  or  particles  made  of  1J  Agarose 
or  of  methylcel lulose  were  suspended  in  an  electro- 
lyte and  brought  Into  crossed  magnetic  and  electric 
fields  of  magnitudes  as  low  as  50  x 10*'*  T and  5 
V/m,  respectively,  the  particles  deviated  in  the 
central  part  of  the  electrophoresis  chamber  of  a 
standard  Zeiss  Cytopherometer  with  a component 
vertical  to  both  fields.  The  vertical  deviation 
was  very  similar  for  all  particles  despite  their 
different  nature.  The  direction  and  magnitude  of 
the  deviation  were  sharply  at  variance  with  what 
would  be  expected  by  the  action  of  the  Lorentz 
force  on  the  surface  of  the  particles.  The  magni- 
tude of  the  deviation  depended  on  the  magnetic 
and  electric  field  strength,  the  ion  concentration 
of  the  suspension  medium,  and  the  geometry  of  the 
chamber.  The  above  results  are  compatible  with 
streaming  of  the  electrolyte,  which  Is  mainly 
caused  by  inhomogeneities  of  the  electric  field  in 
the  electrophoresis  chamber.  The  magnitude  of  the 
effect  is  high  enough  to  occur  under  physiologic 
conditions,  and  It  is  suggested  that  magneto-elec- 
trophoretic streaming  might  eventually  act  as  a 
transducer  mechanism,  which  could  explain  the  abil- 
ity of  some  animals  to  orient  themselves  in  the 
geomagnetic  field. 


5646  EFFECT  OF  COAGULATING  AND  CUTTING  CURRENT 
ON  A DEMAND  PACEMAKER  DURING  TRANSURETHRAL 
RESECTION  OF  THE  PROSTATE.  A CASE  REPORT.  (Eng.) 
Batra,  Y.  K.  (Dept.  Anaesthesiology,  Post  Graduate 
Inst.  Medical  Education  and  Res.,  Chandigarh,  India); 
Ball,  I.  M.  Can  Anaeath  Soo  J 25(1):  65-66;  1978. 

(9  refs) 

The  effects  of  coagulating  and  cutting  current  on  a 
demand  pacemaker  during  transurethral  resection  of 
the  prostate  are  reported.  The  application  of  pro- 
longed cutting  current  from  a surgical  diathermy 
unit  operating  In  the  frequency  range  of  1-3.5  MHz 
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with  modulation  at  120  Hz  caused  interference  with 
a Hedtronic  series  5945  demand  pacemaker,  leading 
to  a period  of  asystole.  When  coagulating  current 
was  applied  for  hemostasis,  pacemaker  function 
was  not  affected.  The  resection  was  completed  with 
short  bursts  of  cutting  current  that  did  not  modify 
pacemaker  function.  This  case  emphasizes  the  need 
for  vigilance  in  the  care  of  patients  with  demand 
pacemakers  requiring  transurethral  resection. 


5647  ELECTRICAL  AND  BIOLOGICAL  EFFECTS  OF 
TRANSMISSION  LINES:  A REVIEW.  (Eng.) 
Biological  Studies  Task  Team  (Bonneville  Power 
Administration,  Portland,  OR).  68  pp.;  1977. 
[available  through  Bonneville  Power  Admin.,  U.S. 
Dept.  Interior,  Portland,  OR). 

A review  of  studies  on  the  biologic  effects  of 
electrical  power  transmission  lines  is  presented. 

EPA  issued  a request  for  data  to  determine  if  there 
Is  a need  to  provide  guidance  for  radiation  stand- 
ards  for  transmission  lines  above  700  kV,  and  a 
preliminary  analysis  of  the  data  did  not  identify 
any  acute  detrimental  health  or  environmental  ef- 
fects. Soviet  studies  on  extremely  high  voltage 
substation  workers  reported  physiologic  effects, 
such  as,  greater  variability  of  pulse  and  arterial 
blood  pressure  and  reduced  sexual  potency  among 
workers  exposed  to  50-Hz  fields  with  intensities 
ranging  from  2-26  kV/m.  Other  than  reports  In- 
volving some  substations  in  Spain,  the  complaints 
by  Soviet  workers  have  not  been  reported  for  sub- 
station workers  In  other  countries.  A few  studies 
have  described  possible  biologic  effects  associated 
with  exposures  to  magnetic  fields  similar  to  those 
encountered  under  transmission  lines.  For  example, 
a delayed  increase  in  serum  triglycerides  was  found 
in  10  men  exposed  to  a magnetic  field  of  1 G at  45 
Hz  for  up  to  24  hr.  Very  little  research  has  been 
specifically  conducted  to  determine  if  organisms 
are  affected  by  the  electric  fields  and  ion  currents 
of  direct  current  transmission  lines.  Preliminary 
findings  from  a study  of  the  Oregon  portion  of  the 
Cel i lo-Sylmar  direct  current  transmission  line  do 
not  indicate  that  there  are  any  significant  adverse 
effects  on  natural  vegetation,  crops,  wildlife,  and 
domestic  animals. 


5648  IMPUNTABLE  ELECTROMAGNETIC  FIELD  PROBES 
IN  FINITE  BIOLOGICAL  BODIES.  (Eng.) 
Mousavinezhad,  S.  H.  (Ph.D.  dissertation,  Michigan 
State  Unlv,  1977):  180  pp.  [available  from  Xerox 
Univ.  Microfilms,  Ann  Arbor,  Ml  48106,  Order  No. 
77-25.  270].  (24  refs) 

Theoretic  and  experimental  results  of  a study  on 
a dielectrically-coated  small  spherical  probe  used 
to  measure  induced  electromagnetic  fields  in  con- 
ducting (biological)  bodies  of  finite  extent  are 
presented.  After  deriving  the  general  relation 
between  the  output  voltage  of  a probe  and  the  In- 
duced electric  field  in  a volume  conductor,  the 
receiving  characteristics  of  an  insulated  spherical 
probe  Immersed  in  a uniform  electric  field  inside 
a conducting  body  were  studied.  The  normalized 
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effective  diameter  of  the  probe  was  shown  to  be 
nearly  independent  of  the  parameters  and  dimension 
of  the  conducting  body  when  a relatively  thick 
coating  of  insriating  material  was  used  on  the 
probe.  It  was  also  shown  that  for  thick  coatings 
with  dielectrics  of  low  dielectric  constant  the 
input  Impedance  of  the  spherical  probe  becomes 
nearly  independent  of  the  electrical  parameters  and 
the  dimension  of  the  finite  biologic  body.  Some 
experimental  results  on  the  input  impedance  of 
the  spherical  probe  were  obtained,  and  there  was 
generally  good  agreement  between  theory  and  exper- 
iment. A few  measurements  of  actual  field  inten- 
sity Inside  finite  bodies  were  also  performed. 


5649  EFFECT  OF  STATIONARY  MAGNETIC  FIELD  ON 
THE  GROWTH  AND  ENZYMATIC  ACTIVITY  OF 
STAPHYLOCOCCUS  AND  ON  THE  DEVELOPMENT  OF  STAPHY- 
LOCOCCUS INFECTION.  (Jiue.)  Kuz'mlnskil,  B.  N. 
(Voroshilovgrad  Medical  Inst.,  Voroshilovgrad, 
USSR);  Nuromskaia,  0.  A.;  Semen jkhina,  G.  S. ; 
Abakarov,  M.  Kh.  Zh  Mikrobiol  Epidemiol  Iirmmobiol 
(10):  140-141;  1977.  (0  refs) 

The  effects  of  stationary  magnetic  field  (830-880 
G)  on  the  growth  and  enzymatic  activity  of  Staphy- 
looooauB  axcreus  strain  209  and  on  the  course  of 
S.  aureuB  infection  In  white  mice  were  studied. 
Exposure  to  the  magnetic  field  for  2.5  hr  did  not 
cause  any  significant  change  In  the  enzymatic 
activity  (unspecified),  but  it  significantly 
stimulated  the  growth  of  5.  aupeus.  For  seeding 
doses  of  IO'®/ml  and  lO'^/ml,  the  colony  counts 
were  405i8.8  and  I05±I3.4,  respectively,  after 
the  exposure,  vs.  264±20  and  57±18  In  the 
non- I rradlated  control.  Forty  mice  were  Infected 
Intraperi toneal ly  with  5.  ouneua  (6,750,000,000 
cells)  after  which  20  mice  received  whole-body 
Irradiation  in  the  stationary  magnetic  field  dally 
(dose  unspecified),  and  all  40  animals  were 
examined  morphologically  6 wk  after  the  Infection. 
Compared  with  the  noni rradlated  control,  the 
infection  was  more  serious  and  tended  to  generalize 
in  the  irradiated  mice.  Abscesses  of  the  liver, 
kidneys,  and  perirenal  region  were  seen  in  ail 
experimental  animals,  while  the  abscesses  clustered 
mainly  around  the  site  of  Infection  in  the  control 
animals.  The  microscopic  changes  observed  in  the 
liver  and  kidneys  (e.g.,  dilatation  of  veins  with 
stasis,  focal  hemorrhage,  destruction  of  the  walls 
of  small  vessels  with  desquamation  of  the  endo- 
thelium and  hemolysis,  albuminoid  degeneration  and 
fatty  infiltration)  were  more  pronounced  In  the 
exposed  animals  than  they  were  in  the  control. 


5650  APPLICATION  OF  MAGNET  1C -BIOLOG I CAL  EFFECTS 
IN  NEUROSURGERY.  (Ger.)  Kikut,  R.  P. 
(Res.  Inst.  Traumatology  Orthopedics,  Ministry  of 
Public  Health  of  the  Latvian  SSR,  Riga,  USSR); 

Llepa,  M.  E.  Zentnalh’  Neuroohir  38(1):  97-104; 
1977.  (5  refs) 

Recent  achievements  In  the  study  of  the  applications 
of  constant  magnetic  fields  in  the  treatment  of 
intracerebral  aneurysms  and  gliomas  are  reviewed. 
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Experiments  using  animals  with  cerebrai  aneurysms 
showed  that  constant  magnetic  fields  influence  the 
circulating  blood,  causing  thrombus  formation  in 
the  anode  zone  and  thrombolysis  in  the  cathode 
zone.  Studies  on  the  therapeutic  applications  of 
magnetic  fields  In  the  treatment  of  brain  tumor 
patients  are  concerned  with  the  influence  of  mag- 
netic fields  on  the  unspecified  immunity  and  tumor 
cells  and  with  local  thermal  effect  on  the  tumor. 
Training,  activation,  and  stress  are  the  three 
phases  of  action  of  constant  magnetic  fields  on 
the  brain.  The  first  phase  is  characterized  by 
normal  leukocyte  count  with  slight  Increase  of  the 
segmented  cell  count  and  reduction  of  the  lympho- 
cyte count;  the  second  phase  is  characterized  by  an 
Increased  leukocyte  count  to  7,000-9,000  mm^,  a 
slightly  increased  lymphocyte  count,  and  a slight 
reduction  of  the  neutrophil  count.  The  third  phase 
features  the  exhaustion  of  the  glucocorticoid  re- 
lease by  the  adrenals.  Magnetic  fields  have  shown 
direct  therapeutic  effect  on  human  glioblastomas, 
and  they  also  have  been  found  to  increase  the  sen- 
sitivity of  the  tumors  to  certain  cytostatic  drugs. 


5651  EFFECT  OF  PULSATING  ELECTROMAGNETIC  ENERGY 

AND  CONVENTIONAL  SHORT-WAVE  DIATHERMY  IN 
THE  CONSERVATIVE  THERAPY  OF  OSTEOARTHRITIS.  (Ger-.) 
Singer,  F.  (Rehab i 1 1 tat ionszentrum  der  Pensions- 
versicherungsanstait  der  Arbeiter,  Grieskirchner 
Strasse  AS,  A-A701  Bad-Schal ierbach,  Vienna,  Aus- 
tria); Schleler,  K.  Wien  Med  Woohensahr  I28(j); 
A9-5I:  1978.  (9  refs) 

The  effects  of  short-wave  diathermy  (15  mln/day) 
and  pulsating  ultra-high-frequency  electromagnetic 
field  treatment  (Oiapulse  model  O-lOA  A,  carrier 
frequency  27.12  MHz,  pulse  frequency  8O-6OO  Hz, 
pulse  duration  65  psec,  970  W,  up  to  90  min/day) 
were  studied  in  150  patients  (men  and  women,  aged 
50-65  yr)  with  primary  and  secondary  osteoarthritis. 
The  patients  were  subdivided  into  five  groups  of 
30  persons  each.  Group  1 received  only  physio- 
therapy; Group  2 received  physiotherapy  plus  Dla- 
pulse  treatment  (90  mln/day  on  the  hips,  liver, 
and  left  adrenal);  Group  3 received  physiotherapy 
plus  Oiapulse  treatment  on  the  hips  (2x  25  min/day). 
Group  A received  physiotherapy  with  conventional 
short-wave  diathermy;  and  Group  5 received  physio- 
therapy with  the  Oiapulse  apparatus  shut  off  (pla- 
cebo). The  therapeutic  effect  was  assessed  from 
the  difference  of  joint  mobility  Index  (on  a scale 
of  I to  122)  and  of  the  rheumatism  index  in  which 
the  subjective  complaints  are  also  considered  (on 
a scale  of  1 to  I88).  The  average  reduction  of 
the  rheumatism  index  (improvement)  was  A.A5  in 
Group  1,  19.25  in  Group  2,  11.01  in  Group  3,  13.60 
in  Group  A,  and  A.A5  in  Group  5.  The  average  re- 
duction of  the  joint  mobility  index  (improvement) 
was  2.2  in  Group  I,  15.6  In  Group  2,  6.97  in  Group 
3,  11.61  In  Group  A,  and  2.2  in  Group  5.  The 
findings  indicate  the  definite  favorable  effect 
of  Oiapulse  treatment  of  the  hips,  liver,  and 
adrenal  regions  compared  with  Oiapulse  treatment 
of  the  hip  alone  and  with  conventional  diathermy 
apparatus . 


Biological  L fleets  of  Nonioni/ing  Blectioniagnetic 
RaOiatioo  11141,  June  1978 


5652  THERAPEUTIC  EFFECT  OF  HERTZIAN  WAVES  OF 

VERY  LOW  INTENSITY.  i.iV,  . ' Oebelle.  M. 
(Nouvelle  Clinique  de  la  Basilique,  Departement 
des  Affections  Osteoart i cul ai res , IO80  Brussels. 
Belgium);  Lorthioir,  J.;  Berghmans,  H.;  Carion,  J.; 
Rosenfeld,  J.  Brier  /Vf.f  57(12) : 551-563;  1977. 

(0  refs) 

Experience  with  the  therapeutic  use  of  low-inten- 
sity contact  radiation  source  (Flexible  Electro- 
magnetic Unit)  is  presented.  The  principal  char- 
acteristics of  the  apparatus  are  a carrier  frequency 
of  27.12  MHz,  a peak  energy  of  0.5  W.  a pulse  fre- 
quency of  200-600  Hz,  and  a pulse  duration  of  1.6- 
A.9  msec.  The  antenna  is  molded  on  the  body  sur- 
face to  be  treated.  The  apparatus,  which  generates 
no  thermal  effect,  was  used  successfully  in  the 
treatment  of  patients  with  various  dieseses. 

These  patients,  many  of  whom  had  been  treated  un- 
successfully by  other  methods,  included  an  8A-yr- 
old  man  with  arterial  ulcer;  two  women,  aged  39  ond 
50  yr,  with  inflammation  of  the  hypoderm;  patients 
with  varicose  veins;  a A8-yr-old  woman  with  eczema; 
patients  with  arthritis;  and  patients  with  bone 
fractures  and  other  traumas.  The  patients  were 
usually  irradiated  1.5-6  hr  daily  for  several  wk. 


5653  RISK  FROM  EXPOSURE  TO  RAD lOFREQUENC I ES 

AND  MICROWAVES.  (Ita.)  Bini.M.  (Isti- 
tuto  dl  Ricerca  sulle  Onde  Elettromagnetiche  C.N.R., 
Florence,  Italy);  Checcacci,  A.;  Ignesti,  A.;  Mil- 
lanta,  L.;  Rub  1 no,  N.;  Cicchella,  G.  Med  Lav  68(5): 
321-339;  1977.  (67  refs) 

The  biophysical  aspects  and  effects  of  radio  fre- 
quency and  microwave  radiation  are  reviewed.  The 
thermal  effects  resulting  from  exposure  to  micro- 
waves  may  cause  structural  and  functional  changes 
in  the  gonads  (reduction  of  spermatogenesis),  al- 
terations in  the  menstrual  cycle,  abortion,  and 
fetal  malformations,  and  cataracts  of  the  eyes. 
Nonthermal  effects  may  include  an  increase  of  slow 
waves,  reduction  of  alpha  waves,  visual  hallucina- 
tion, variations  in  olfactory  and  auditory  sensi- 
tivity. ECG  changes,  bradycardia  or  tachycardia, 
hypertension  or  hypotension,  increased  capillary 
resistance,  reticulocytosis,  hypohemoglobinemia, 
reduced  osmotic  resistance,  neutrophil  and  eosin- 
ophil leukocytosis,  lymphocytosis,  monocytosis, 
hyperthyroidism,  increased  adrenal  activity,  re- 
duced corticosteroid  levels  in  the  blood,  reduced 
glucocorticoid  activity,  alteration  of  the  blood 
cholinesterase  activity,  and  changes  in  the  glu- 
cose, cholesterol,  and  lipid  levels  of  the  blood. 

The  review  is  preceded  by  a short  Introductioi  to 
the  biophysics  of  radiowaves. 


565A  ENVIRONMENTAL  MICROWAVE  RADIATION. 

SAFETY  RULES  NEEDED.  NO  FINAL  SOLUTION 
TO  THE  DOSIMETRY  PROBLEM.  (JVor.  ) Hvinden,  T. 
(Forsvarets  Forskingsinst i tut , Norway).  Tekniek 
Ukeblad  125(1):  6-7,  10:  1978.  (0  refs) 

The  occurrence  and  general  biologic  aspects  of 
radar  and  radio  frequency  waves  In  the  environment 
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are  reviewed.  The  energy  density  is  usually  in 
the  milliwatt  range  near  radio  transmitter  stations. 
At  greater  distances,  the  energy  density  is  con- 
siderably influenced  by  the  orographic  conditions. 
Therefore,  the  measurement  of  the  energy  density 
in  open  air  does  not  always  yield  reliable  results, 
especially  for  the  actual  energy  density  inside 
the  body.  The  absorption  of  radiowaves  by  the 
body  is  frequency-dependent,  increasing  with  In- 
creasing frequency.  At  an  atmospheric  energy 
density  of  10  mW/cm^,  the  energy  absorbed  by  the 
human  body  is  0.02  W^g  at  10  MHz  frequency,  1.9 
W/kg  at  100  HHz  (near  the  resonance  frequency), 
and  O.AA  W/kg  at  1,000  MHz  (above  the  resonance 
frequency) . 


5655  MICROWAVE  AND  RAOIOFREQUENCY  RADIATION. 

(Nor.)  Pleyn,  H.  (No  affiliation  given). 
Tekniak  Ukcblad  125(1):  9-10;  1978.  (0  refs) 

General  problems  of  microwave  radiation  are  dis- 
cussed In  connection  with  the  setting  of  exposure 
standards.  The  hygienic  exposure  standard  adopted 
in  the  USA  is  10  mW/cm^  for  daily  8-hr  exposure, 
vs.  10  uW/cm^  in  the  USSR.  The  discrepancy  is  due 
to  the  different  principles  upon  which  these  stand- 
ards were  established.  While  the  US  standard  is 
based  on  the  thermal  effect  of  microwaves,  the 
USSR  standard  was  based  on  the  subtler  nonthermal 
biologic  effects.  Including  the  effects  on  the 
central  nervous  system.  The  existence  of  a thresh- 
old dose  of  microwave  radiation  is  a fundamental 
question  in  hygienic  studies.  A potential  source 
of  microwave  radiation  pollution  is  seen  in  solar 
energy  collection  by  means  of  power  plants  in 
space  because  the  energy  must  be  beamed  to  earth 
in  a focussed  bundle. 


5656  EFFECT  OF  AN  ELECTROMAGNETIC  FIELD  OF 

LOW  FREQUENCY  (50  Hz)  ON  THE  FUNCTIONAL 
STATE  OF  THE  HUMAN  BODY.  Ofua.)  Dumanski I , lu.  D. 
(Kiev  Scientific  Res.  Inst.  General  and  Communal 
Hygiene,  Kiev,  USSR);  Popovich,  V.  M.;  Koziarin, 

I.  P.  Gig  Sanit  (12):  32-36;  1977.  (0  refs) 

The  biological  effects  of  electrical  fields  of 
50  Hz  frequency  were  studied  in  3^  volunteers  aged 
23-*»7  yr.  Group  1 (5  men,  5 women)  was  exposed 
to  a 5 kV/m-electr leal  field  for  2 hr  daily  6 times 
a week  during  a 30-day  period.  Group  2 (6  men,  6 
women)  was  exposed  to  12  kV/m-fleld  3 x 30  mln/day 
at  l-hr  intervals  for  6 consecutive  days,  and  Group 
3 (6  men,  6 women)  was  exposed  to  a field  of  15- 
16  kV/m  under  the  same  conditions  as  Group  2.  Ob- 
served In  Group  3 were  Increased  skin  temperature 
on  the  forehead,  chest,  palms;  reduced  skin 
temperature  of  the  lower  limbs;  Increased  amp'l- 
tude  of  the  evoked  brain  potentials  by  11.2-29.2% 
compared  with  the  values  found  before  the  exposure, 
reduced  heart  rate  from  82.14/min  to  75/min;  re- 
duced maximal  arterial  pressure  at  rest  (value  not 
given),  increased  R-R  section  of  the  ECG  from  0.73 
to  0.80  (P<0.05),  Increased  T wave  amplitude  during 
hypoxemia  (from  0.30  to  O.AO  mV,  P<0.05);  increased 
blood  cholinesterase  activity  (135-8  ug/min  vs. 


114  pg/min,  P<0.05)  and  of  blood  glucose  level 
from  86.7  mg%  to  104  mg%  (P<0.05).  No  parameters 
tested  showed  significant  changes  In  Groups  I and 
2.  The  findings  indicate  that  In  the  case  of  ex- 
posure for  2 hr  daily,  a field  intensity  of  5 kV/m 
is  the  highest  no-effect  intensity,  vs.  12  kV/m  in 
the  case  of  Intermittent  exposure  (3x  30  min/day). 


5657  BIOLOGICAL  EFFECTS  OF  MICROWAVES.  RECON- 
CILIATION OF  DIFFERENT  APPROACHES.  (Nor.) 
Devik,  F.  (Statens  Institutt  for  Strelehyg i ene , 
Osteendalen  25,  1345  Osteras,  Norway).  Tekniak 
Ukeblod  125(1):  7-8;  1978.  (0  refs) 

The  different  approaches  used  to  determine  stand- 
ards for  microwave  exposure  in  the  USA  and  the 
USSR  and  other  east  European  countries  are  dis- 
cussed. The  hygienic  standard  of  10  mW/cm^,  adopted 
in  the  USA,  was  based  on  the  thermal  effects  of 
microwaves,  while  the  USSR  and  other  eastern  block 
countries  arrived  at  considerably  lower  energy 
level  standards  on  the  biological  effects  of  micro- 
waves,  especially  long-term  and  central  nervous 
system  effects.  Soviet  researchers  demonstrated 
disturbances  In  conditioned  reflexes  and  changes  in 
the  behavioral  pattern  ("most  likely  in  animals"  - 
transl.)  under  the  effect  of  radiofrequency  radia- 
tion of  low  intensity  having  no  thermal  effect. 
Changes  In  the  EEG  were  also  observed.  Frequent 
activation  of  the  adaptive  mechanism  of  the  body 
is  believed  to  lead  to  its  exhaustion  and  general 
asthenia.  Initial  steps  have  been  taken  to  narrow 
the  gap  between  the  two  different  approaches  to 
the  hygienic  standardization  of  microwave  exposure. 


5658  LOCAL  MICROWAVE  HYPERTHERMIA  (43°  C)  AND 
STIMULATION  OF  THE  MACROPHAGE  AND  T-LYMPH- 
OCYTE  SYSTEMS  IN  TREATMENT  OF  GUERIN  EPITHELIOMA  IN 
RATS.  (Eng.)  Szmigielski,  St.  (Center  for  Radio- 
biology  and  Radioprotection,  Warsaw,  Poland);  Jani- 
ak,  M. ; Hryniewicz,  W.;  del jaszewicz , J.;  Pulverer, 
G.  Z Krebaforaoh  91(I):  35-48;  1978.  (68  refs) 

The  effect  of  local  microwave  hyperthermia  (LMH) 
combined  with  immunopotentiating  (IP)  substances 
on  the  growth  of  Guerin  epithelioma  In  Wistar  rats 
as  well  as  on  the  rat  immunologic  system  was  inves- 
tigated. Rats  bearing  Guerin  epithelioma  were  ex- 
posed to  three  or  six  sessions  of  2,450-MHz  LMH 
(tumor  temperature,  43  C)  for  45  min  per  session 
on  wk  3 or  5 after  tumor  cell  implantation.  In 
some  rats,  LMH  was  combined  with  the  administration 
of  IP  substances,  such  as,  purified  Streptolysin 
(I  mg/kg)  or  Corynebaaterium  parvun  (CP)  (1  mg/kg) 
injected  three  times  weekly  on  wk  4 and  6 after 
tumor  cell  implantation.  Exposure  to  LMH  inhibited 
the  growth  of  Guerin  tumors,  and  the  effect  was 
enhanced  by  combined  treatment  with  IP  substances. 
The  combined  application  of  LMH  and  CP  resulted  in 
the  complete  disappearance  of  9 of  12  tumors;  where- 
as, LMH  and  IP  substances  applied  separately  re- 
sulted in  the  eradication  of  4 out  of  12  and  2 out 
of  12  tumors,  respectively.  Exposure  to  LMH  also 
resulted  In  a stimulation  of  the  reactivity  of  the 
thymus-derived  lymphocyte  and  macrophage  systems 
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of  lh<*  rat,  enhancing  both  nonspecific  »nul  specific 
invimne  responses.  The  role  of  Inrmnosllmulailon 
by  LMH  Is  stressed  as  an  Important  factor  In  the 
lunH>r- Inh I b I t 1 09  effect  of  hyperthermia  In  addition 
to  the  well-known  selective  heat  killing  effect  of 
microwaves  on  neoplastic  cells, 

EFFECT  OF  MAGNETIC  FIELD  ON  CHICk  MORPHO- 
GENESIS, ) Joshl,  M,  V.  (Dept, 

Zoology,  Unlv,  Poona,  Poona  1*11  007,  India);  Khan, 
M,  Z,;  Oamie,  P.  S.  iH tKitioti  10(1): 

19/8.  (19  refs) 

The  effect  of  a magnetic  field  on  chick  nunphogen- 
csls  was  Investigated,  Fresh  fertilised  eggs  of 
While  Leghorn  chickens  were  Incubated  to  the  defin- 
itive primitive  streak  stage  (Hamburger-HamI I ton 
|H,H.)  Stage  4),  The  embryos  were  nwunted,  cul- 
tured, and  exposed  to  a homogeneous  tiMgnetic  field 
of  5,000  t 200  Oe  for  I hr.  Controls  were  main- 
tained simultaneously  without  the  magnetic  field. 
The  experimental  and  control  embryos  were  further 
Incubated  for  24  hr  to  obtain  the  H.H,  Stage  12  In 
controls.  The  experimental  embryos  were  consid- 
erably retarded,  as  evidenced  by  a sfK>rtenlng  of 
the  embryonic  long  axis  In  |6  embryos  as  well  as 
by  other  ma I fom>at  Ions . Microcephaly  only  was  ob- 
served In  6 of  25  exposed  embryos  and  an  open 
neural  tube  only  In  II  of  25  expi>sed  embryos.  Mi- 
crocephaly and  open  neural  tube  were  observed  In 
8 of  25  exposed  embryos.  Diffused  somites  were 
observed  In  l8  of  25  exposed  embryos.  In  12  exper- 
imental embryos,  the  heart  was  not  fonwd;  out  of 
15  In  which  the  heart  did  develop.  It  was  slightly 
displaced  and  dilated  in  about  half  of  them.  AM 
of  the  controls  developed  normal  to  H.H,  Stage  12. 
Histologic  observations  of  the  neural  structures 
In  the  sectioned  experimental  embryos  showtnl  an 
increase  In  the  number  of  dividing  cells  and  their 
dispersed  distribution  throughout  the  nouroeplthe- 
llum.  The  mal format  Ions  recorded  are  attributed 
to  the  envl  roiwHjnial  stress  effect  caused  by  the 
magnetic  field  as  nwnifested  by  Its  effect  on 
mitotic  activity,  Interklnotlc  nuclear  migration 
In  neuroepi thellum,  and  cell  locomotion  In  general. 


5660  NONTHERMAL  EFFECTS  OF  MILLIMETER  MICRO- 

WAVES  ON  YEAST  growth,  iKH;,  » Grundlor, 
W,  (Gesellschaft  fuer  Strahlen-  und  Umwe I t forschung 
Nettherberg,  W.  Germany);  Kellmann,  F, 

: 15-22;  1978.  (10  refs) 

Th*-  inMuence  of  coherent  microwave  Irradiation  In 
I We  fre,|uencv  range  near  42  GH/  on  the  gri>wth  of 

yeast  cultures  was  invest  {gated.  To  avoid 
’Werieel  effects  of  Irradiation,  yeast  cell  cultures 
4«iue«tus  suspension  were  used.  Over  a 
^ a«>  .lavs,  67  growth  experiments  wi're  per- 

^ «iir4it«ave  iiradlation  (O.l-H  mW/cm*) 

yeast  cultures  affected  their  growth 
• * : t selettive  nvsnner.  Depending 

In,  reases  and  decreases  In 
•>i»cerve«l.  A multlplet  of  res- 
t cs  a fg  vjHt  were  observed, 

4 •es«toaotr  6,«rttlwid(h  of 


Htofitfjn  4/  / ffth  (S  ttf  t /A 

HMUntHUI  ig/N 


only  about  10  MH/,  Whereas  un I rrad I aicd  control 
cultures  showed  growth  rale  data  scatter  of  only 
tyl  from  the  mean  value  at  a given  temperature, 

irradiated  cultures  showed  deviations  fit>m  the  mr.ui  ! 

growth  rale  as  high  as  29Y..  Slf»t(»le  thermal 

are  excluded,  and  it  is  suggested  that  the  findings 

sup;»ort  theoretic  predictions  of  coherent  nK>leiulai 

oscillations  activating  metabolic  processes, 

I 

5661  EFFECTS  OF  GRAVITATIONAL  AND  MAGNETIC 

FIELDS  ON  TRANSPLANTED  Nf UROBLASIOMA 
VASCULARITY.  ^>1.;.  / B.itkln.  S.;  Tabi  ah,  F.  L. 

(John  A.  Burns  Sch,  Medicine,  Unlv.  Hawaii,  Htuiolulu, 

HI  96822).  S Pp.,  197/'.  [avaMahle  through 
National  Technical  Infornkitlon  Service,  Springfield, 

VA  22161,  Document  No.  A/7*4S/891.  (13  refs.) 

Subcutaneously  transplanted  neuroblastomas  that  wore 
denervated  at  the  tumor  Implantation  site  In  A/J 
mice  were  sub)cctcd  to  grav  I tat  lonal  and/or  magrtellc 
forces  to  determine  If  these  forces  could  enhance 
the  Impairment  of  tumor  vascularl^at Ion  produced  by 
denervation.  Exvx>sure  to  either  a grav I tat  Iona  I 
force  of  4 gravity  units  or  to  alternating  (60  Hr) 
magnetic  fields  of  1,2  or  4 x 10  ' Wb/nr  resulted 
In  Impaired  vascularity  and  a greater  extravasation 
of  blood  with  associated  tu<rH)r  necrosis.  The  com- 
bination of  h^pergravUy  (5  gravity  units)  and  a 
4 X 10“'^  Wb/nv  alternating  nwignetic  field  over  a 
15"day  period  resulted  In  definite  nmcroscoplc 
changes.  The  tunH>rs  In  exposed  aninvils  were  read- 
ily peeled  out,  while  control  tumi>rs  Infiltrated 
Into  surrounding  tissues.  The  average  tunxn  voltime 
was  410  mm^  In  the  ^x^H^sed  animals  compared  with  630 
mm'  In  controls.  Microscopic  analysis  again  re- 
vealed previc'iusly  noted  bUH>d  stasis  In  the  experl- 
meiual  tunvr  group  with  ext  ravasat  Ion  of  red  bhH>d 
cells;  htiwever,  the  contrast  to  the  control  group 
was  not  as  dranwtlc  as  noted  with  either  force  alone. 

Nruroblast<'ma  cells  In  vitro,  which  were  exfx^sed  to 
a magnetic  field  of  3*2  x 10”^  Wb/m'  for  48  hr 
showed  no  definite  growth  changes,  suggesting  an 
effect  of  the  field  foices  on  the  host.  Hv>wever, 
t>ie  ex|x>sure  of  pi/ig’/.'mfn  to  a magiieliv 

field  of  6 X 10”'  Wb/m*  resulted  In  a marked  decrease 
In  cell  division  with  associated  im^rphologlc  changes 
In  both  synchronous  and  log-phase  cultures  at  RO 
min  and  4$  hr,  respectively.  In  general,  the  re- 
sults suggest  that  lH>st-tunK>r  relationships  can  bo 
affected  by  grav I t at lonal  and  weak  alternating  mag- 
netic fields  via  vascular  changes.  Single  cell 
organisms  may  also  be  modified  by  weak  alternating 
nvignet  Ic  fields. 


5662  LLECTROMAGNET ICALLY  INDUCED  fLUID  STREAM- 

ING AS  A POSSIBLE  MECHANISM  OF  THE  RIO- 
MAGNfTlC  ORIENTATION  Of  ORGANISMS.  (.'>(,;,  ’ Bam- 
berger, S,  (Max-P1anck-lr>st  I tut  fuer  RIochemIr, 
Abtellung  fuer  Experlmentel le  Medl/ln,  Martlnsrled 
bri  Muneben,  W,  Germany);  Valet,  G.;  Storcb,  F,; 
Ruhenstroth-Bauer,  G.  .V.ifnr/i'r.k'h  33(1^2):  1S9- 
160:  (978.  (7  refs) 

f led  I'lwaqnet  Ically  Induced  Fluid  streaming  In  the 
chamber  of  a Zeiss  cytophenwter  was  Investigated 


Ro 
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as  a potsibla  mechanISM  of  the  blomagnetlc  orlenta* 
tion  of  organisms.  The  electrolyte  In  the  chamber 
consisted  of  a solution  containing  I molar  copper 
sulfata  and  O.S  molar  sodium  sulfate.  The  velocity 
of  suspended  particles  (human  erythrocytes  with 
their  natural  charge  removed  by  neuraminidase 
treatment)  was  used  as  an  Indicator  of  fluid 
streaming.  Tha  fluid  and  suspended  particles  were 
simultaneously  exposed  to  crossed  magnetic  and 
electric  fields  of  0.^0  i 0.01  x 10*’  tesla  and 
500-1,590  mA/cm^,  respectively.  With  the  chamber 
oriented  so  that  the  geomagnetic  field  vector  was 
parallel  to  the  y*axls  of  the  chamber,  a fluid 
stream  In  the  direction  of  the  z-axls  was  observed. 
The  geomagnetic  field  strength,  calculated  from 
tha  velocity  measurements,  was  0.A6  t 0.05  x 10  '* 
tesla  (I3S  greater  than  the  measured  value).  The 
results  Indicate  that  both  the  direction  and  Inten- 
sity of  the  geomagnetic  field  can  be  sensed  within 
the  chamber  of  a Zeiss  cytopherometer.  This  sug- 
gests that  electromagnetical ly  Induced  fluid  stream- 
ing might  play  a role  In  the  perception  of  the  geo- 
teagnetlc  field  by  organisms,  although  It  Is  not 
claar  In  which  organ  the  perception  occurs.  A 
basic  requirement  for  such  an  organ  would  be  an 
anisotropy  of  calls  or  cellular  structures.  The 
nervous  systamwith  Its  parallel  axons,  or  spe- 
cific calls  associated  with  the  nervous  system, 
could  thus  ba  possible  locations  of  the  sensitivity 
towards  magnetic  fields. 


566)  OPTIMIZING  THE  HEAT  TREATMENT  OF  TUMORS 

BY  MICROWAVES  (MEETING  ABSTRACT) . (Bng.) 
Jolnes,  W.  T.  (Duke  Univ.,  Durham,  NC  27706),  Am 
J Hagntggnol  1)0(1):  188;  1978.  (O  refs) 

Guidelines  for  optimizing  the  delivery  of  heat  to 
a tumor  by  microwave  radiation  are  described.  The 
optimum  microwave  frequencies  for  heating  cancerous 
tissue  are  approximately  0.5  to  1.5  GHz.  Using  a 
variety  of  direct-contact  applicators,  a complete 
system  for  automatically  controlled  microwave 
haatlng  of  cancerous  tissue  was  developed.  Heating 
was  at  a selected  location  to  within  an  accuracy 
of  t 0.1  C.  Tha  temperature  was  monitored  by 
tissue- Implantable  thermistor  probes  oriented  at 
right  angles  to  the  microwave  electric  field,  and 
sample  temperature  readings  wore  made  only  during 
I msec  periods  every  100  msec  when  the  microwaves 
ware  off.  During  the  off  period,  a temperature  read- 
ing was  taken  and  stored  in  a sample-and-hold  circuit 
until  the  naxt  off  period,  when  the  reading  tMS 
updated.  The  thermal  time  constant  of  the  system 
was  sufficiently  long  that  no  appreciable  temperature 
change  occurred  between  samples.  In  addition,  the 
off  period  was  long  enough  to  allow  the  microwaves 
to  decay  to  a negligible  value  before  the  sample 
was  finalized.  Rectification  effects  were  avoided, 
since  no  microwaves  ware  present  when  the  readings 
wara  taken.  The  tissue-implantable  thermistor 
probe  continuously  monitored  the  temperature  at  a 
selected  site  within  the  heated  tissue.  When  the 
tamperatura  at  that  site  reached  a pre-selected 
level,  a signal  was  fad  back  through  tha  thermal 
ragulator  to  tha  microwave  source  to  adjust  the 
output  power  and  keap  tha  temperature  within  10.1  C 


of  the  preselected  level.  One  of  tha  direct -contact 
applicators  was  a double-ridged  waveguide  horn  an- 
tenna that  operated  in  the  0.9  to  6 GHz  range.  By 
placing  aluminum  adhesive  tape  directly  onto  the 
surface  between  the  tissue  and  the  horn  antenna, 
but  leaving  an  opening  that  defined  the  area  to  be 
Irradiated,  the  aperture  could  be  adjusted  from 
about  8 by  12  cm  up  to  the  17  by  22.75  cm  opening 
of  the  horn  antenna,  while  maintaining  a uniform 
heating  pattern  across  the  aperture.  For  confining 
the  microwave  heating  to  smeller  areas,  a dielectric 
(titania)  loaded  horn  antenna  was  developed  that 
operated  at  915  MHz  and  had  a contact  ares  of 
9 cm^.  Using  this  applicator,  the  power  supplied 
by  a 5-W,  solid-state  microweve  oscillator  was 
sufficient  to  produce  a temperature  rise  of  I C/mln 
In  biologic  tissue.  Other  applicators  having 
a size,  shape,  or  radiation  pattern  appropriate 
for  clinical  requirements  are  also  discussed. 


566I|  THE  BASIC  CONSIDERATIONS  OF  R.  F.  THERMO- 
THERAPY AND  CLINICAL  EXPERIENCE  (MEETING 
ABSTRACT).  (Eng.)  LeVeen,  H.  H.  (State  UnIv.  Now 
York,  Brooklyn,  NY  1120));  Ahmed,  N.  Am  J Rogntggnol 
1)0(1):  189-190;  1978.  (0  refs) 

The  results  of  hyperthermic  treatment  for  lung  can- 
cer patients  are  presented.  A solid  state  500-W 
amplifier  with  a crystal-controlled  output  at  l).56 
MHz  supplied  the  radiation.  The  treetswnt  schedule 
consisted  of  a course  of  four  )-hr  heating  sessions 
with  tumor  crossfiring.  Patients  were  Infused  with 
glucose  during  therapy  and  were  covered  to  allow 
a fever  of  )8-)9  C to  develop.  Treetment  continued 
until  complete  regression  occurred.  Following 
hyperthermic  treatment,  human  lung  tumors  wars 
examined  hi*tologlcal ly.  Cancer  cells  ware  damaged 
or  destroyed  by  heat,  but  the  stroma  of  the  tumor 
was  also  damaged.  Collagen  swelling  was  noted, 
and  Intense  vasodilation  occurred  at  the  periphery 
of  the  tumor.  Capillary  damage  caused  diapedesis 
of  red  cells  resulting  In  a heavy  deposit  of  hemo- 
siderin at  the  tumor's  periphery.  Plasaia  cells 
accumulated  around  the  microvasculature,  and  poly- 
morphonuclear leukocytes  Infiltrated  foci  of  ne- 
crotic tumor  cells.  After  a full  course  of  therapy 
the  microvasculature  was  destroyed  with  SMSsIve 
necrosis  of  the  tumor.  Infiltration  of  macrophages 
and  lymphocytes  Into  the  tumor  Indicated  an  Immune 
response.  Nineteen  patients  have  received  a full 
course  of  therapy  over  one  or  more  years.  All 
showed  Isnradlate  gain  In  strength  and  appetite, 
and  regression  of  the  tuanr  mass.  Although  some 
patients  have  died  of  distent  metastases,  all 
showed  an  extension  of  life  expectancy.  Half  of 
the  patients  are  still  alive  after  2 yr,  and  four 
are  tumor  free,  while  the  others  are  under  active 
therapy. 


5665  PHOTO- INDUCED  VOLTAGES  IN  SUSPENSIONS  OF 
CHLOROPLASTS  ORIENTED  IN  A MAGNETIC  FIELD 
(MEETING  ABSTRACT).  (Eng.)  Becker,  J.F.  (Dopt. 
Chemistry,  New  York  Univ.,  New  York,  NY  1000)); 
Gaecintov,  N.  E.;  Swenberg,  C.  E.  Eiopltye  J 2l(}); 
108a;  1978.  (0  refs) 
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The  photovoltage  of  suspensions  of  magnetically 
oriented  spinach  chloroplasts  using  polarized  light 
was  measured.  The  magnitude  of  this  photo-electro- 
magnetic field  (photoemf)  depended  on  the  polariza- 
tion of  the  light  and  Its  direction  of  propagation 
with  respect  to  the  membrane  planes.  The  photoemf 
was  qualitatively  Interpreted  In  terms  of  the 
Dember  effect,  and  Its  magnitude  depended  on  a non- 
homogeneous  generation  of  positive  and  negative 
charges  and  was  thus  a function  of  the  absorption 
coefficient.  The  photoemf  irose  because  of  an  In- 
homogeneous absorption  of  light  within  a chloro- 
plast  particle,  which  was  due  to  the  non-random 
orientation  of  chlorophyll  molecules  In  the  mem- 
branes. This  gave  rise  to  an  Inhomogeneous  dis- 
tribution of  positive  and  negative  charges  along 
the  direction  defined  by  the  propagation  vector  of 
the  light  (which  was  parallel  to  the  vector  Joining 
the  two  electrodes).  An  electromagnetic  field  arose 
due  to  the  diffusion  of  these  charges  but  only  when 
the  mobility  of  the  two  charge  carriers  was  un- 
equal. The  existence  of  a Dember-llke  solid  state 
effect  In  a biologic  system  was  demonstrated. 


5666  BLOOD-BRAIN,  BLOOO-V ITROUS  HUMOR  AND  PLA- 

CINTAL  BARRIER  MODIFICATION  DUE  TO  MICRO- 
WAVE EXPOSURE  (MEETING  ABSTRACT).  fBiig.)  Frey,  A. 
H.  (Randomllne,  Inc.,  Huntingdon  Valley,  PA  19006); 
Coren,  E.  Biophya  J 21(3):  110a;  1978.  (0  refs) 

The  effects  of  microwave  exposure  on  the  blood- 
vitreous  humor  barrier  of  the  eye  and  the  placental 
barrier  were  Investigated.  Results  showed  a modi- 
fication of  the  blood-vitreous  humor  barrier  and 
lack  of  modification  of  the  placental  barrier  under 
exposure  to  the  energy. 


5667  TREATMENT  OF  SOLID  TUMORS  BY  RADIOFRE- 

QUENCY HEATING  (MEETING  ABSTRACT).  (Eng.) 
Dickson,  J.  A.  (Royal  Victoria  Infirmary,  Newcastle 
upon  Tyne,  England).  Am  J Roentgenol  130(1);  189: 
1978.  (0  refs) 

A modified  diathermy  technique,  developed  for  heat- 
ing solid  tumors  to  50  C without  damage  to  skin 
and  Intervening  normal  tissues.  Is  described.  The 
portable  machine  has  a radio  frequency  (Rf)  generator 
operating  at  a crystal-controlled  frequency  of 
13.96  MHz  (22  m wavelength)  and  an  output  of  AOO  W. 
The  RF  current  Is  transmitted  to  the  tumor  via  two 
coaxial  cables,  each  terminating  In  a flat  copper 
paddle  electrode.  The  apparatus  employs  the  con- 
denser field  technique  whereby  the  tissue  becomes 
part  of  the  output  circuit  and  Is  heated  between 
the  electrodes  applied  to  opposite  sides  of  the 
tumor.  Tuned  compensating  colls  in  the  paddle 
handles,  a connector  lead  between  the  paddles,  and 
a direct  current  Inverse  feed-back  loop  between  the 
RF  output  and  the  crystal  oscillator  produce  stable 
and  readily  controlled  tumor  heating.  Over  200 
subcutaneous  rat  tumors  of  different  types,  up  to 
3 ml  In  volume  were  heated  at  an  Intratumor  tem- 
perature of  A5  or  50  C for  I5'30  min,  with  a re- 
gression rate  of  lOOt.  Twenty-five  Intramuscular 
VX2  tumors  (10-25  ml)  In  rabbits  were  treated  at 


1*7-50  C for  30  min,  with  a 75t  regression  rate. 

There  was  no  damage  to  nornuil  tissues;  temperatui'i- 
of  the  skin  within  the  RF  field  remained  :t-6  C 
below  tumor  temperature  during  the  heating.  The 
output  of  the  RF  machine  did  not  exceed  15  W.  The 
RF  machine  was  also  used  clinically  for  the  local 
heating  of  solid  human  tumors.  Problems  encountitred 
with  the  high- IntensI ty  RF  fields  (up  to  300  W) 
required  and  In  the  monitoring  of  tumor  response, 
as  well  as  a preliminary  series  of  cases,  are  dis- 
cussed. 


9668  RESULTS  OF  COMBINED  '*3'*  MHZ  E.M.W.  AND 

X-RAY  THERAPY  (MEETING  ABSTRACT).  (En.t.) 
Holt,  J.  A.  G.  Inst.  Radiotherapy  and  Oncology, 
Leedervllle,  Western  Australia,  6007  Australia). 

Am  J Roentgenol  I30(l);  191;  1978.  (0  refs) 

The  results  of  combined  microwaves  and  x-rays  for 
the  treatment  of  human  cancer  are  presented.  A 
dose  of  Aik  MHz  was  applied  approximately  19  min 
before  the  application  of  between  25  and  75  rads  of 
x-rays.  Microwave  radiation  was  repeated  on  days 
3 and  9,  and  at  subsequent  intervals  during  the 
course  of  dally  x-ray  therapy.  On  days  on  which 
microwave  radiation  was  not  delivered,  conventional 
doses  (I.e.,  200-300  rads)  of  x-rays  were  applied. 

At  3-yr  follow-up,  27  of  52  patients  with  ear,  nose, 
and  throat  cancer  were  alive  and  well  without  evi- 
dence of  local  disease  or  neck  metastases.  Two 
patients  with  distant  metastases  in  the  chest 
underwent  treatment  with  similar  methods  and  remain 
well.  Of  52  patients  treated  with  air  and  hyper- 
baric therapy,  8 and  10  survive,  respectively.  For 
this  group,  combined  treatment  was  three  times  more 
effective  than  conventional  treatment.  Other  can- 
cers that  can  be  readily  treated  by  this  method 
include  all  normally  treated  by  conventional  ther- 
apy. Patients  most  suitable  for  this  treatment 
include  those  with  ear,  nose,  and  throat  cancer, 
primary  glioma  and  lymphomas  (all  types).  In  addi- 
tion, most  types  of  breast,  prostate,  thyroid, 
kidney,  and  bladder  cancer  appear  suitable.  Based 
on  radiowave  absorption  measurements,  it  Is  con- 
cluded that  this  treatment  method  selectively  af- 
fects cancer  cells  In  preference  to  normal  cells. 


S669  APPLICATOR  DESIGN  AND  MICROWAVE  FREQUENCY 

SELECTION  FOR  LOCAL  HYPERTHERMIA/WHOtE- 
«0DY  HYPERTHERMIA  EQUIPMENT  SUITABLE  FOR  CLINICAL 
TREATMENT  (MEET I NG  ABSTRACT)  . (Etjg.)  Kowal  , H.  S. 
(Roswell  Park  Memorial  Inst.,  Buffalo,  NY  IklkO): 
Sandhu,  T.  S.;  Johnson,  R.  J.  R.  Am  J Roentgenol 
130(1);  l88;  1978.  (0  refs) 

Methods  to  achieve  both  local  differential  hypei - 
ihermia  and  whole-body  hyperthermia  were  developed. 
To  achieve  local  differential  hyperthermia,  mlcio- 
wave  applicators  were  designed  with  sizes  rangl(\g 
from  10  X 10  cm  to  1.5  x 1.5  cm,  utilizing  micro- 
waves  of  either  2,1*50,  919,  or  433  MHz.  Single  and 
multiple  applicators  of  varying  sizes  were  developed 
to  achieve  htxix)geneous  tuiixjr  temperatures.  Surface 
temperatures  were  monitored  with  both  fiber  optiC 
and  thermocouple  probes,  while  depth  monitoring  was 
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accomplished  with  30-gauge  thermocouples  placed 
perpendicular  to  the  radio  frequency  field.  Normal 
tissue  cooling  was  achieved  by  either  cooling  the 
skin  surface  with  cold  air  or  by  circulating  liquid 
having  the  same  dielectric  constant  as  the  tissue 
In  a plastic  bag  positioned  between  the  skin  sur- 
face and  the  applicator.  Temperature  distribution 
data  resulting  from  different  applicator  sizes  and 
different  frequencies  was  presented  from  both 
phantom  and  in  vivo  experiments.  A whole-body 
hyperthermia  system,  suitable  for  clinical  radio- 
therapy, also  was  developed.  The  system  consisted 
of  a NASA  patch-type  liquid-cooled  garment  (LCG) 
applied  to  the  skin  and  covered  with  a polyethylene 
disposable  shirt  and  pants.  A specially  tailored 
t-inch  neoprene  skin  diving  suit  was  applied  over 
the  polyethylene  for  insulation.  The  patient  was 
heated  or  cooled  by  a large  capacity  chiller-cir- 
culator connected  to  the  LCG.  Rapid  initial  heating 
was  applied  through  two  915  MHz,  15  x 10  cm,  micro- 
wave  applicators  positioned  over  the  thighs. 


5670  MICROWAVE  RELAXATION  EFFECTS  OF  NUCLEIC 
ACIDS  AND  NUCLEOTIDES  (MEETING  ABSTRACT). 
(Bng.)  Krey,  A.  K.  (Walter  Reed  Army  Inst.  Res., 
Washington,  DC  20012).  Biophya  J 21(3):  112a;  1978. 
(0  refs) 

Microwave  relaxation  effects  of  nucleic  acids  and 
nucleotides  were  investigated.  It  was  shown  prev- 
iously that  calf  thymus  DNA  gradually  decreased  In 
permittivity  (approaching  e'  of  its  aqueous  solvent) 
In  the  range  0.5  to  50  MHz.  A dielectric  dispersion 
was  likewise  observed  In  the  same  frequency  range 
for  transfer-RNA  and  for  most  of  the  mononucleotides 
of  both  nucleic  acids.  Of  the  nucleotides,  adenosine 
monophosphate  and  deoxy  adenosine  monophosphate 
showed  no  dispersion,  while  relaxation  effects  In- 
creased progressively  for  cytidine  5 '“monophosphate/ 
dlbutyl  cytidine  5 '-monophosphate,  guanosine  mono- 
phosphate/deoxy  guanosine  monophosphate,  and  uri- 
dine S'-hionophosphate-thymldlne  monophosphate  with 
a specificity  that  was  characteristic  for  the  di- 
pole moments  of  the  respective  nucleotide  bases. 
Removal  of  bases  Increased  the  relaxations  of 
nucleotides  as  did  subsequent  deletion  of  sugars  so 
that  phosphates  alone  slx^d  the  largest  dispersion 
affects.  Nucleotide  dispersions  also  Increased 
upon  addition  of  phosphates  or  decreased  when  a 
phosphate  group  was  removed.  The  findings  suggest 
that  configurational  parameters  of  mononucleotides 
determine  the  relaxation  effects  of  DNA  and  RNA 
and  that  the  nucleotides'  conformational  properties 
SMy  also  be  Involved. 


5671  ON  THE  ROLE  OF  ELECTRIC  FIELDS  IN  PHOTO- 
INDUCED  PRIMARY  CHARGE  SEPARATION  (MEET- 
ING ABSTRACT).  (Eng,)  Yamamoto,  T.  (Dept.  Chem- 
istry, Cornell  Univ.,  Ithaca,  NY  14853);  Albrecht, 
A.  C.  Biophya  J 21(3):  t95a;  1978.  (0  refs) 

The  possible  connection  between  high  electric 
fields  and  efficient  charge  separation  found  In  the 
photosynthetic  system  was  explored  and  related 
lltarature  was  reviewed.  The  expected  effects  of 


high  electric  fields  on  the  yield  of  photoinduced 
primary  charge  generation  have  been  demonstrated  In 
two  different  organic  systems.  One  consisted  of  a 
thin  organic  photoconducting  film,  electrostatically 
charged.  The  other  was  a cell  having  a thin  poly- 
crystalllne  chlorophyl I -a  film  sandwiched  between 
two  different  metals;  a high  internal  field  fol- 
lowed from  the  contact  potential  between  Che  metal 
and  the  chlorophyll.  In  both  cases  the  efficiency 
of  photoinduced  charge  generation  improved  drastic- 
ally as  fields  approached  10^  V/cm.  In  photosyn- 
thesis the  presence  of  a permanent  electric  field 
of  about  10^  V/cm  has  been  implicated  in  the  thyla- 
koid  membrane. 


5672  ELECTROMAGNETIC  HEATING  TECHNIQUES  (MEET- 

ING ABSTRACT).  (Bng.)  Hand,  J.  W. 
(Hammersmith  Hosp.,  Du  Cane  Rd.,  London,  W12,  Eng- 
land). Br  J Radiol  51(601):  74;  1978.  (0  refs) 

The  band  of  frequencies  in  the  electromagnetic 
spectrum  that  is  used  in  heating  tissues  at  depth 
is  discussed.  The  methods  traditionally  used  to 
couple  energy  into  tissues  are  described,  and  the 
disadvantages  of  such  methods  to  produce  heating  at 
depth  are  outlined.  The  possibility  of  producing 
Internal  hot  spots  in  a target  whose  dimensions 
are  comparable  to  the  wavelength  of  the  radiation 
and  the  relevance  of  this  to  the  heating  of  small 
animals  are  discussed.  Recent  developments  are 
outlined  including  contact  applicators,  which  may 
be  used  at  frequencies  somewhat  lower  than  the 
microwave  diathermy  frequency  of  2.45  GHz,  and  an 
Invasive  technique,  which  avoids  heating  of  super- 
ficial tissue  by  using  needle  electrodes  to  pass 
high  frequency  currents  through  deep  tissue.  Some 
of  the  problems  associated  with  temperature  measure- 
ment in  the  presence  of  electromagnetic  fields  are 
stated  and  new  kinds  of  thermometers  that  enable 
reliable  temperature  measurements  in  such  an  envi- 
ronment are  briefly  described. 


5673  THERMOCHEMOTHERAPY  IN  VIVO  (MEETING  AB- 
STRACT). (Eng.)  Marmor,  J.  B.  (Stanford 
Medical  Center,  Stanford,  CA  94305);  Hahn,  G.  M. 

Proa  Am  Aaaoo  Cancer  Rea  19:  118;  1978.  (o  refs) 

An  Investigation  was  performed  to  test  whether 
chemotherapy  of  solid  tumors  can  be  enhanced  by 
local  heating  of  tumor  masses  and  whether  non- 
tumoricldal  agents,  such  as,  2-amlnoethyl isothio- 
uronlum  (AET)  become  tumoricldal  in  the  presence 
of  local  heat.  C3H  mice  bearing  the  KHT  mammary 
carcinoma,  a drug  resistant  tumor  of  low  Inimino- 
genicity,  were  utilized.  Drugs  were  given  Intra- 
venously and  the  tumors  locally  heated  by  radio 
frequency  electromagnetic  fields  to  43  C for  30  min. 
Tumor  growth  delay  (GO)  and  cure  rate  (CR)  were 
followed.  No  systemic  hyperthermia  was  obtained. 

For  bleomycin,  the  effect  of  the  combined  modality 
was  superior  to  either  alone  (GO-12  days  versus  3 
days;  CR"40t  versus  0%),  provided  drug  and  hyper- 
thermia were  administered  simultaneously.  If  ex- 
posure to  the  two  modalities  was  separated  by  24 
hr,  no  effect  was  seen,  suggesting  a true  Inter- 
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action.  For  adrlaniycln  (ADR)  no  clear-cut  lin- 
provement  in  results  was  obtained  even  though  ADR 
showed  equal  potentiation  in  vitro.  Localized 
heating  of  tumor  masses  did  not  appear  to  cause 
AE”  to  become  tumoricldal  In  vivo.  The  results 


suggest  that  localized  heating  may  be  a useful 
adjunct  to  chemotherapy  of  solid  tumors.  However, 
not  all  drugs  that  were  potentiated  by  heat  in 
vitro  demo  istrated  the  same  effect  when  used 
against  KMT  tumors  in  vivo. 
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